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CONDITIONS IN CHILDHOOD CHARACTERIZED 
BY ACUTE ABDOMINAL SYMPTOMS 


Wixsurt C. Davison* 


Some seventy conditions may cause one or more of the 
various gastro-intestinal symptons and signs found in child- 
hood. Some thirty-two of these conditions are common, and 
in six of them therapeutic delay is dangerous (Table I). 


Tasie I 


The Most Common Causes of Acute Abdominal Symptoms in Childhood 





Nutritional Disturbances *Peritonitis 

* Appendicitis Trauma 

Upper Respiratory Infections Epilepsy 
Mesenteric Adenitis *Meningitis 
Neurosis Pellagra 
Dysentery \bdominal and Kidney Tumors 
*Intestinal Obstruction Osteomyelitis 
Diabetes Pleurisy 
Intestinal Parasites Allergy 
*Poisoning Poliomyelitis 
Malformations Rheumatic Fever 
Pyuria Sprue 

*Pyloric Stenosis Rectal Prolapse 
Nephritis Foreign Body 
Encephalitis Anemia 
Typhoid-Paratyphoid Fever 

Pneumonia 





*Conditions in which therapeutic delay is dangerous. 

Appendicitis is the most important of these six as 50% of 
all cases occur before the age of 20 years. The earliest 
symptoms usually, though not always, are abdominal pain, 
at first generalized and “colicky,” and later localized over 
the appendix, anorexia, nausea and vomiting; diarrhea may 
be present but constipation is more frequent. The muscle 
tone over the appendix may be increased, with tenderness and 
rebound tenderness. Flexion of the right leg is often a helpful 
diagnostic sign. Tenderness also may be elicited and a mass 





*Dean and Professor of Pediatrics, Duke University School of Medicine, 
Durham, North Carolina. Presented at the Pediatric Post-Graduate Con- 
ference, The University of Texas Medical Branch, Galveston, April 1, 1947 
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may be felt abdominally or by rectal examination. Fever 
may be slight at the onset; later there may be chills and 
bradycardia or tachycardia. The WBC usually is elevated, 
If peritonitis develops, abdominal enlargement and rigidity, 
ascites, pain and swelling of the genitalia, frequent and diff- 
cult urination, hematuria (in 9%), and backache may occur. 

Appendicitis always must be considered if abdominal pain 
persists 6 hours. Many of these patients also have or just have 
had an upper respiratory infection, which makes the diagnosis 
more difficult. Unless properly treated, the acute inflammation 
may progress to rupture of the appendix, appendiceal abscess, 
peritonitis and death. Occasionally the process may recede 
with or without subsequent attacks (chronic or recurrent 
appendicitis). Although 69 other conditions may cause similar 
signs, the differentiation of mesenteric adenitis and pneumonia 
is often most difficult (Table II). 


Tase II 


Differentiation of Appendicitis, Pneumonia and Mesenteric Adenitis 





Symptoms Mesenteric 
and Signs Appendicitis Pneumonia Adenitis 








Vomiting .............. Present in 70-86%, Present in 14% Present in 42% 
but 40% may 
vomit only once 


Rebound abdominal 
tenderness Present Absent Usually absent 
Tenderness on rec- 
tal examination.. Present Absent Usually absent 
Behavior .. Irritable and rest- Quiet Quiet 
less 
Temperature 37-38.9% C (98.6— 39.4-40.6° C. 37--38.9° C. (98.6- 
102° F.) (103-105° F.) 102° F.) 
WBC seseecesaceeeee 10-20,000 20-50.000 10-20,000 





Children who vomit or have a painful and tender abdomen 
with or without an increased WBC should be seen immediately 
by a physician and should not be given cathartics as they 
increase the mortality in appendicitis five-fold. Sedatives 
should not be given. Regardless of the duration of signs. as 
soon as the diagnosis is made or in case of doubt (unless the 
evidence against appendicitis is conclusive), an immediate 
operation should be done by a competent surgeon. A Meckel’s 
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diverticulum always should be sought as it may cause similar 
signs. If rupture or peritonitis has occurred, penicillin, sulfa- 
therapy and streptomycin are advisable, and continuous gastro- 
duodenal siphonage with Wangensteen, Ochsner or Miller- 
Abbott tubes, a semi-upright position, repeated small blood or 
plasma transfusion and parenteral fluid containing thiamin 
(especially if the patient has hematuria), may be necessary. 
Oral fluids and food may have to be omitted for several days. 
The former practices of waiting until the diagnosis is absolutely 
proven, which may lead to rupture, and of deferring the oper- 
ation if rupture has occurred are inadvisable, because one- 
third of the population have their appendices removed before 
the age of 65 years, and at present with chemotherapy the 
sooner it is done the lower the mortality. Prophylactic appen- 
dectomies probably would save more lives and suffering than 
the present routine tonsillectomies. 


Intestinal obstruction usually is due to intussusception. 70% 
of the cases are in boys, and 60% are under one year of age. It 
usually occurs without any preceding cause but typhoid- 


paratyphoid fever, diarrhea, hemophilia, dysentery, trauma, 
weaning, and vitamin deficiency may precipitate it. Intestinal 
obstruction also may be caused by volvulus (ileus; a knotting 
or twisting of the bowel), by abdominal adhesions or bands 
(produced by previous peritonitis or congenital abnormality). 
intestinal parasites, amebiasis, drugs, infections, meconium 
ileitis, malformations of the mesentery and intestines (espe- 
cially in newborn infants), abdominal tumors, strangulated 
hernia, undigested food, intestinal parasites, suprarenal hyper- 
plasia, bezoar and trichobezoar (hair ball). The signs are 
vomiting, foul breath, abdominal pain in paroxysms of 1 to 
2 minutes followed by relief, constipation, abdominal disten- 
tion, increase in intestinal peristalsis, prostration and collapse. 
Hypothermia, pallor, cyanosis and convulsions also may be 
present. The onset in intussusception generally is sudden, 
although chronic and recurring intussusception (12%) occurs 
with short or long (2-3 years) intervals, sometimes dating 
from birth, and may be associated with a Meckel’s divertic- 
ulum. A sausage-shaped tumor usually can be palpated ab- 
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dominally and rectally, and blood which does not clot generally 
is present on the examining finger. Although intussusseption 
may be successfully reduced by bimanual palpation or by a 
barium or saline enema while being fluroscoped, more lives 
will be saved if every infant, who suddenly and persistently 
vomits, passes blood by anus, or has a sausageshaped tumor 
palpable externally or by rectum is operated upon immediately 
by a competent surgeon. Continuous gastro-intestinal siphon- 
age and parenteral feeding are necessary until the intestine 
empties normally. Fluid and salt intake should be maintained 
by intravenous or subcutaneous routes, but not by mouth or 
rectum, or intraperitoneally. Sulfatherapy and penicillin may 
be helpful after the operation. 


Poisoning: 400 poisons annually kill 500 American children. 
The cases are of two groups, the first and larger in which the 
patient is brought to a physician because of having swallowed, 
inhaled or been in contact with a known substance or been 
bitten by some insect or snake, and being in need of immediate 
treatment, and the other in which a diagnosis of poisoning is 
made because of certain symptons, and for which confirmatory 
laboratory tests, as well as therapy, are required. The patient's 
stomach should be emptied with emetics and washed out several 
times with a stomach tube and cold water, and fluids should be 
forced, if the poison has been swallowed and is not water- 
soluble. If cleaning of the entire gastro-intestinal tract is 
desired, saline cathartics may be used. However, no saline 
cathartics, glycerin, fats or milk should be given if phosphorus 
or phenol has been swallowed. If the poison is known, its 
specific antidote should be used. If not, the following pre- 
scription is useful: Pulverized charcoal or burned toast . . . 2 
parts; Magnesium oxide (Milk of magnesia) . . . 1 part; 
Tannic acid or tea... 1 part; Dose: 4 gm. (dr. i; 1 teaspoonful) 
in a small glass of warm water. 


Pyloric stenosis: The onset usually is during the 2d-3d week 
of life, and is more frequent in the spring, in first children 
and in boys. The signs are: Projectile vomiting, visible gastric 
peristalsis, a palpable pyloric tumor (sometimes only felt at 
the end of a gastric contraction), weight-loss or failure to gain, 
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dehydration, abdominal pain and constipation. The vomitus 
does not contain bile. Nasal regurgitation, dilated stomach 
with gastric residue, hypoprothrombinemia, hematemesis 
(rare) and diarrhea (in late stages) also may be present. 
Every infant who vomits persistently and forcibly during the 
first three months of life and who has the signs listed above 
should be treated for pyloric stenosis, perferably by pyloro- 
myotomy (F redet-Rammstedt). 

Peritonitis may be tuberculous or pyogenic (due to a rup- 
tured appendix, or Meckel’s diverticulum or intestinal perfora- 
tion from trauma, typhoid-paratyphoid fever, ulcers, influenza, 
liver abscess, bile irritation (gallbladder or duct rupture or 
liver necrosis), adhesive bands in newborn infants, etc. or 
the infection may be primary and due to pneumococci or 
streptococci. In addition to the symptoms of appendicitis, the 
following may be present: anxious, pained facial expression, 
sweating, hypothermia, pallor, rapid pulse, ascites, hiccough, 
and weight-loss. Changing the patient’s position rapidly from 
sitting to lying increases the abdominal pain. For the purulent 
variety, operation and drainage are essential only if a focus 
such as a ruptured appendix is suspected. The following are 
helpful: Penicillin, sulfatherapy, streptomycin, elevation of 
the head of the bed, serum (E. Coli, C. welchii, Pneumococcus 
and Streptococcus, depending on the etiology)fi blood and 
plasma transfusions. The Wangensteen-Oschsner treatment, 
parenteral fluid containing thiamin, continuous gastro-intestinal 
drainage are necessary if obstruction is present. For the tuber- 
culous type, an operation should be avoided and a tuberculous 
regime started (rest in bed, fresh air, sunlight and an ample 
diet). Cod liver oil, ultraviolet and X-ray therapy, and trans- 
fusions with ultraviolet irradiated blood may be helpful. 
Sedatives may be necessary. 

Meningitis: A lumbar puncture should be performed on 
every child who has signs of meningeal irritation (stiff neck, 
and Brudzinski’s and Kernig’s signs, or convulsions). If the 
spinal fluid is cloudy, oral sulfatherapy and intramuscular 
penicillin should be given immediately. As soon as the causa- 
tive organism is determined, it should be tested against all 
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chemotherapeutic agents (sulfonamides, penicillin and strep. 
tomycin) and the most effective one used. 


Summary: Seventy conditions may cause one or more of 
the 32 gastrointestinal symptoms and signs. Thirty-two of 
these conditions are common, and in the following six of them 
therapeutic delay is dangerous: appendicitis, intestinal ob- 
struction, poisoning, pyloric stenosis, peritonitis and menin- 
gitis. 
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ABDOMINAL PAIN IN CHILDREN: THE 
SURGEON'S VIEWPOINT 


A. O. SINGLETON* 


The important symptoms in acute abdominal lesions are 
usually the local types of symptoms rather than the constitu- 
tional, at least diagnosis 1s based more specifically upon such 
symptoms. The localized symptom in adults and children are 
naturally more or less the same. These may be classified as: 
(1) abdominal pain; (2) cutaneous hyperalgesia (viscero- 
sensory reflex); (3) tenderness (local or general); (4) nausea, 
vomiting; (5) muscle rigidity; (6) abdominal distention; (7) 
presence of free gas in peritoneal cavity; (8) presence of free 
fluid in peritoneal cavity; (9) local abdominal or pelvic swell- 
ing; and (10) certain changes ascertainable only upon rectal 
or other examinations. 

Of all these localizing or diagnostic symptoms, pain is the 
most important and the most constant as well as the most 
dependable in serious abdominal lesions. “It is nature’s cry 
for help,” and the outstanding symptom for which the patient 
seeks relief. 

The greatest attention should be given to a very careful 
consideration of the onset, distribution and character of the 
pain. It has been shown that the viscera are entirely devoid 
of sensation in many respects, being insensitive to direct me- 
chanical trauma, such as burning, sticking, or cutting, but pain 
may be produced by stretching, pulling, or distention of the 
viscus. However, since the pain in the viscera depends upon 
the sympathetic nervous system, the pain is not felt in the 


viscera itself but is referred to the regional sympathetic ganglia. 
such as the solar plexus. The pain is also referred to the periph- 


eral distribution of the spinal nerves arising from the spinal 
cord with which that viscus is connected through its sym 
pathetic system. In children the same anatomical and physio- 

*Doctor Singleton, Professor of Surgery. and Chairman of the Depart 
ment of Surgery, The University of Texas Medical Branch, Galveston, died 


June 12. 1947. This discussion was offered at the Pediatric Post-Graduate 
Conference. Galveston, April 1, 1947. 
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logical mechanism prevails as in adults, and also in children, 
because the psychic side is less developed and the reflex 
mechanism more highly developed, and pain if properly in- 
terpreted is a more accurate indicator of the pathology than 
in adults. The alimentary tract is responsible for most abdom- 
inal pain and it may be from the stomach, small intestine or 
large intestine. Since sensation in these organs is entirely 
through the sympathetic system, at least in the beginning of 
the trouble, the pain is a referred pain. The pain arising from 
the small intestine, whether due to a simple colic, organic 
obstruction or strangulation is always felt first and chiefly in 
the epigastric and the umbilical areas of the abdomen. This 
would be in proximity to the solar plexus and also in the zone 
of the distribution of the 8th to the 11th thoracic merves which 
supply the common mesentery and the parietal peritoneum. 
Thus in intestinal obstruction, in pain due to an active peri- 
stalsis, such as food poisoning, an appendix or a strangulated 
hernia, the pain is always referred to the aforementioned area. 
In appendicitis particularly the nerves are derived from the 
same source as those which supply the small intestine. It is 
not surprising that the pain at the onset of an attack of appen- 
dicitis would be felt in the epigastrium. The shifting or local- 
ization of the pain is often significant. After a blow on the 
abdomen within a short time the local pain in the wall will 
disappear. If the pain persists over several hours time one 
should suspect an injury to the intestine. If pain and tender- 
ness are soon distributed over the abdomen with an increasing 
muscular spasm, a ruptured viscus is almost sure to be present. 
Also, similarly, localization of pain in the right iliac fossa 
some hours after an acute episode of epigastric pain usually 
means appendicitis. A ruptured liver or spleen from trauma 
is followed by severe abdominal pain, particularly if the liver 
is ruptured. Patients with intra-abdominal injuries, the pain 
increasing after a while, may have a ruptured intestine. 

A ruptured spleen or liver results in intra-abdominal hem- 
orrhage. Blood in the peritoneal cavity does not immediately 
cause muscular spasm but when blood clots and attaches itself 
to the parietal peritoneum, muscular spasm and _ increased 
tenderness follow. 
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The character of the pain is often very helpful and interpre- 
tation of the character of the pain may help to make a diagnosis. 
If the pain is intermittent with paroxysm of colic and situated 
in the epigastrium, intestinal obstruction can be suspected. 


Like other alimentary tract pain, intestinal tract pain always 
begins in the epigastrium, being of course, a reflex pain. This 
is irrespective of whether the obstruction is low down in the 
intestine or high up. This phenomena should never be over- 
looked and it should be remembered in the early stages of all 
abdominal crises. The reflex pain comes first, later on due to 
irritation of the parietal peritoneum in ruptured viscera or 
ruptured appendix, or inter-abdominal hemorrhage, pain will 
be shifted to areas over the irritated parietal peritoneum. 

One cannot come to a definite conclusion from the interpre- 
tation of pain only. Next to pain localized tenderness is of the 
greatest value in making a diagnosis of intra-abdominal lesions. 
Pain elicited as a result of palpation or pressure means much 
in diagnosis. A healthy viscus is insensitive to ordinary pres- 
sure, therefore, when pain is elicited from pressure it may be 
due to one or two conditions: (1) Excitation of a cutaneous 
hyperalgesia or (2) Local irritation of the parietal peritoneum. 
(The parietal peritoneum is extremely sensitive to painful 
stimuli whereas the visceral peritoneum is insensitive. ) 

The subserous nerve plexus of the parietal peritoneum is 
connected with the cerebro-spinal system, rather than the 
sympathetic, and is capable of accurate localization. Where 
the parietal peritoneal nerve plexus is not unduly sensitive, 
pressure over a diseased organ produces pain in a referred 
region and not at the point pressed on, eg. pain at the umbilicus 
from pressure over an early acute appendix. 

Localized tenderness is seen particularly in the inflamma- 
tory group of abdominal crises (appendicitis, cholecystitis, 
etc.). General abdominal tenderness, unless associated with 
muscular rigidity of the involuntary type, is of no special 
importance. If so associated, it indicates peritonitis or general 
peritoneal irritation. 

In the hospital last week we looked after two children with 
acute abdominal symptoms. The first child was brought in 
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immediately after an automobile accident at 6 p.m. He was 
considerably bruised, had a bump on the head, was conscious 
and complaining of abdominal pain. Blood pressure was 195, 
There was a slight abrasion on the right side of his abdomen. 
He had no muscular rigidity and had a moderate amount of 
tenderness over the upper abdomen. We considered a ruptured 
spleen, a ruptured liver and a ruptured intestine. Being unable 
to demonstrate fluid in the abdomen and with the absence of 
shock we felt safe about the ruptured spleen or liver. An X- 
ray plate did not show free gas in the peritoneal cavity so we 
felt somewhat secure about the rupture of the intestine. He 
was put to bed and had a restless night. I saw him in the 
morning at 5 o'clock. The only complaint he had the entire 
time was abdominal pain which was constant. By 5 o'clock a 
diagnosis could be made definitely because he had muscular 
spasm, more intense over the upper abdomen and moderate 
in both flanks. He was immediately operated and the jejunum 
found torn completely across, evidently the result of compres- 
sion of the jejunum against the body of the vertebra. Strange 
to say there was very little soiling within the abdomen and 
little, if any, free fluid. The jejunum was anastomosed. His 
recovery was uneventful. If we had depended more upon the 
pain, rather than the X-ray, we would have operated earlier. 

A few days later another child about the same age was ad- 
mitted to the ward. He gave a history of having been injured 
forty-eight hours before while playing at school. The house 
staff had seen him, examined him and even aspirated the 
abdominal cavity determined to find a ruptured viscus. They 
did not give any justification for this procedure except that a 
member of the permanent staff advised this procedure in an 
acute abdomen. J do not agree with this procedure. 

The child presented an entirely different picture from the 
other child. He complained of some pain in the right side but 
the pain was not very bad at this time. In the beginning it 
had been severe and in the umbilical region, shifting to the 
right side twenty-four hours later. The abdomen showed 


muscle spasm over the right side from the liver on down to the 
McBurney area and very great tenderness or pain on pressure. 
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The lower part of the abdomen and the left side was not spastic 
and there was no distention. The blood count of this child 
showed 20,000 white cells and a temperature of 103. Upon 
further inquiry into the history we learned that the child 
received his injury at school about noon and stayed the rest of 
the day in school. He came home later in the evening com- 
plaining of pain in his abdomen and told his mother he had 
gotten hurt. The condition of this child was evidently not the 
result of the injury but due to appendicitis. Pain and localized 
tenderness are very important symptoms in differentiating the 
two. The temperature and history were valuable but not as 
valuable as the pain, localized tenderness and muscle spasm. 
Pain in both of these children began in the epigastrium, the 
one with appendicitis subsiding after a time and shifting to the 
right side, while the pain in the one with the ruptured intestine 
became more and more intense and more generalized. 

In conclusion we may say that the employment of all the 
signs, symptoms and diagnostic agents is important in making 
a diagnosis of lesions intra-abdominally. Laboratory work is 
important but experience in interpretation of signs and symp- 
toms is more important. An experienced observer can inter- 
pret children’s symptoms better than those of adults. One may 
use a great deal of auxiliary information, including tests. etc.. 
but the attitude of the child, his general demeanor, his reaction 
to examination, will usually tell the experienced examiner 
many things of value which he cannot impart to others. 

I have in the past, too many years ago, known of some 
remarkable diagnosticians in the days when little or no lab 
oratory work was available. I have had country doctors send 
me patients on whom they made uncanny diagnosis without 
laboratory assistance. 

My respect is great for the keen observer, the man who 
studies his patient other than from a laboratory standpoint. 
and above all things the man who goes to the operating room 
and sees the surgical operations. An internist or pediatrician 


who makes his diagnosis, sends a patient to the operating room 


and does not see the operation, and does not see the pathology. 
and may not take the trouble to find out if his diagnosis was 
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correct, never makes the best diagnostician. The best diag. 
nosticians I have worked with have been those who never 
miss an opportunity of seeing what was in the abdomen of 


their patients. 
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SYMPOSIUM ON CANCER RESEARCH 


The Second Annual Symposium on Fundamental Cancer 
Research was held on May 3, 1947, at The University of Texas, 
M. D. Anderson Hospital for Cancer Research, in Houston. 
Ten invited speakers, representing Rice Institute, Baylor Uni- 
versity School of Medicine, and The University of Texas, gave 
papers on various aspects of cancer research. The abstracts 
listed below were kindly furnished by the speakers. The meet- 
ing was open to all persons interested in cancer research. 

Dr. R. Lee Clark, Jr., Director of the M. D. Anderson Hos- 
pital, gave the Address of Welcome: 

This is the second of a series of symposia on fundamental 
cancer research. The idea for such a symposium originated 
during Dr. E. W. Bertner’s regime as Acting Director of the 
M. D. Anderson Hospital. The first symposium was held in 
May, 1946. Dr. Chauncey D. Leake and his group from The 
University of Texas Medical Branch in Galveston have been 
instrumental in activating the idea. Baylor Medical School, 
and The University of Texas at Austin, have codperated 
whole-heartedly with the idea. It is fitting that this sympo- 
sium originate at the M. D. Anderson Hospital, for it is the 
only organization in Texas which has as its sole purpose the 
pursuit of cancer research. 

We should like to have at this yearly meeting a digest of all 
information relating to the solving of the riddle of growth, 
both benign and malignant. In the future, the Annual Sym- 
posium is expected to include special sessions for clinicians. 
Prominent guest speakers from outstanding institutions will 
be invited. 

Dr. Theophilus S. Painter, The University of Texas, Austin, 
spoke on Nucleic Acid Problems in Relation to Cancer: 

Important advances in the field of cytology are linked with 
an understanding of nucleic acids. Every part of the cell which 
is capable of autosynthesis contains some form of nucleic acid: 
chromosomes, plastids, mitochondria, and various types of 
granules. In cancer cells there is an upset in the nucleic acid 
balance with the occurrence of polytene chromosomes; that is, 
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instead of the ordinary diploid number of chromosomes, the 
cancer cells so far examined have multiples of the diploid num- 
ber which are produced by endomitotic divisions much the 
same as in the nurse cells of the ordinary fruit fly. What 
causes normal cells to change in this way is not known, but 
it seems safe to say that as we learn more about the nucleic 
acids and the roles these play in cell activity the better we 
will be able to understand what is happening in malignancy. 
_ Dr. E, Altenburg, The Rice Institute, Houston, discussed 
Applications of the Viroid Theory to the Cancer Problem: 

Viroids are ultramicroscopic symbionts which are thought 
to occur within the cells of all organisms, and which have 
been assumed to give rise to viruses. Ordinarily, cancer is 
supposed to be caused by nontransmissible viruses which arise 
spontaneously from viroids by mutation. Hence, these viruses 
are referred to as neoviruses. By contrast the transmissible 
viruses, such as those that cause smallpox and yellow fever, 
likewise are derived from viroids, but are of more ancient 
origin, and are therefore referred to as paleoviruses. 

Viroids are regarded as semi-autonomous, a characteristic 
which distinguishes them from plasmagenes. That is, the 
viroids are more or less independent of their host cell in that 
they are capable of evolving to a limited extent, independent 
of the host. Thus, they may become capable of transmission 
to a host cell of a different species. Apparently, genes do not 
possess any such semi-autonomy. Ordinarily, nuclear gene 
mutations are not assumed to be the cause of tumors. If they 
were, we should expect tumors to show simple Mendelian 
inheritance much more often than they do. Moreover, malig- 
nant tumors often produce symptoms of infectious virus 
diseases. Conversely, infectious virus diseases often cause vary- 
ing degrees of tumor formation. 

Viroids are probably normal and useful constituents of the 
cell. Therein they differ from the latent viruses of Andrewes 
which, by contrast, are primarily pathogenic organisms. Upon 
being reactivated, one might expect the latent viruses to revert 
to their former roles. That is, a latent virus of yellow fever 
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might be expected to cause yellow fever, when it again be- 
comes active. Normally the body probably does not harbor 
a different latent virus for each of the many different kinds 
of cancer that may develop. Neither is it probable that there 
is a single latent generalized cancer virus. Such a virus 
doubtless would have been eliminated by natural selection, 
and therefore would not be a universal cell constituent. How- 
ever, a viroid might be a useful symbiont; hence, in the course 
of evolution, it might have become a normal constituent of 
the cell. A viroid could then, by the random process of muta- 
tion, give rise to a great variety of neoviruses, each causing 
a different kind of cancer. Carcinogens could cause cancer by 
causing viroids to mutate to neoviruses. The paleoviruses, 
however, are separated from their viroid ancestors by a long 
evolutionary process, and they could not, therefore, be derived 
from the viroids at a single stroke, by means of a carcinogen. 
Thus, the transmissible virus diseases cannot be produced by 
carcinogens. On the latent virus theory, it is not evident why 
this should be so. One might expect that if carcinogens caused 


a flare-up of latent cancer viruses, they would have the same 
effect on other kinds of latent viruses, thereby causing such 
diseases as smallpox and yellow fever. 


Heredity only indirectly influences cancer susceptibility. It 
may cause a viroid to mutate to a cancer virus, perhaps through 
the intermediacy of special kinds of chemicals which are asso- 
ciated with a special hereditary constitution. 

A drug which destroys a neovirus might also destroy its 
viroid parent, because of the close relationship of the two. 
Thereby the drug would then injure the normal cells of the 
host. Any antibiotic used in the treatment of cancer, there- 
fore. should be highly specific, for it must discriminate be 
tween cancer virus and viroid. Antibodies are probably the 
only known agents which possess this necessary specificity. 
Antibodies are formed against the viruses of chicken sarcomas 
and rabbit papillomas, but they do not destroy the viruses 
within the intact tumor cells, possibly because they cannot 
get into the tumor cells. Hence, in order for the antibodies 
to enter, one of two things must happen: (1) the tumor cell 
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membrane must be made more permeable, or (2) the antibody 
molecule must be made smaller-without, however, destroying 
its potency. Perhaps this latter may be accomplished by lop- 
ping off parts of the antibody molecule not concerned with its 
specific activity. 

Passive immunization is another possible therapeutic ap- 
proach. The cancer viruses might possibly be obtained in pure 
crystalline form, and antibodies then produced against them 
in the proper laboratory animal. Appropriate antisera, each 
with its specific antibody, might then be used in cancer treat- 
ment. Presumably, each type of cancer would be caused by 
a different kind of virus, and therefore, would require a differ- 
ent kind of antibody for its treatment. 

Dr. E. J. Lund, The University of Texas, Austin, presented 
a paper on The Bio-electric Field of the Cell and Its Significance: 

Attention is called to four main questions: (1) Do cells 
generate continuous and maintained electric fields? (2) If so, 
what are the properties of these fields, viz., form, intensity, 
and variation? (3) With what specific electrochemical re- 
actions in the cell are they linked? (4) What role, if any, do 
these fields play in cell function? 

That such maintained bio-electric fields exist in and around 
polar cells and tissues has been demonstrated in such organ- 
isms as Pithophora sp., mantle of the fresh water clam, polar 
meristematic tissues of plants, polar epithelia in vertebrate 
organs, and polar epithelia in embryos. 

The experimental evidence shows that these maintained bio- 
electric fields depend upon and are linked with the mechanism 
of cellular oxidation. As a result all electrically polar cells, 
which have so far been examined, have at their disposal a 
continuous source of electrical energy which may enable them 
to transmit effects to cells in contact or a distance within the 
field. Experiments in this laboratory have demonstrated that 
the currents in such fields are of sufficient magnitude to move 
free ions in the external field of the cell and cause polarization 
effect in cells. They may, therefore, operate as important 
forces in phenomena of ion transport. The discovery of the 
electric polarity of structurally polar cells and its results, the 
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bio-electric field, have become increasingly significant as a 
possible factor in the fundamental mechanism of morpho- 
genetic organization, pattern, and establishment of symmetry 
in developing tissues and organisms. No adequate explanation 
has yet been made of the mechanism which determines the 
orientation of the morphogenetic organization and the origin 
of polarity in all plants and in those animals which lack 
nervous systems, and in which hormone action obviously is 
unable to account for the orientation of polarity and symmetry 
of pattern. Growth, in a variety of polar structures, can be 
reversibly inhibited and oriented by applying an electric field 
of external origin. Reversible inhibition requires that the 
orientation of the applied electric field must be opposite to that 
of the inherent field of the cells or tissues. The threshold 
intensity of the applied field is approximately equal to the 
intensity of the inherent field generated by the cells them- 
selves. Polar control of the growth process has been demon- 
strated in growing roots, shoots, coleoptiles, and polar re- 
generating tissues from hydroids, nerve cells, and pollen tubes. 
The first plane of cleavage in certain types of eggs may also 
be determined in its orientation, and therefore, the orienta- 
tion of the body axis, by a properly applied electric field of 
external origin. 

From these facts it becomes evident that such inherent bio- 
electric fields may themselves operate to electrically correlate 
(control) growth processes in other adjacent cells in the sys- 
tem. Dominance (control), so generally observed in growing 
points, may therefore be inferred to be the result of and be 
dependent upon the observed, relatively large, electromotive 
forces generated by the apical polar cells. For a more detailed 
discussion see: Lund, “Bio-electric Fields and Growth” with 
Bibliography, The University of Texas Press, 1947. 

Dr. E. J. Poth, The University of Texas, Medical Branch, 
Galveston, discussed The Chemical Significance of Certain 
Agents Which Destroy Malignant Cells: 

Recent observations on the action of substance which destroy 
or retard the growth of malignant cells suggest possible future 
developments in cancer therapy. Numerous studies have been 
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made of methods of inducing malignant degeneration in other- 
wise healthy animals. The following group of five hydro. 
carbon carcinogens are representative substances available for 
these purposes: (1) benzyprene, a generally effective com- 
pound; (2) 9, 10-dimethyl-1, 2-benzanthracene, rapidly pro- 
ductive of skin tumors; (3) 10-methyl-1, 2-benzanthracene. 
which produces sarcomata; (4) dibenzanthracene, a slow act- 
ing carcinogen; and (5) methyl cholanthrene, a rapidly act- 
ing compound. Naturally, the study of these substances has 
been restricted to lower animals. While these investigations 
have augmented our general understanding of cancer, the 
results cannot be applied directly to the problems of human 
cancer. 

Certain other substances influence neoplastic cells. Stil- 
bamidine arrests multiple myelomata when given to patients 
on a low animal protein diet, by acting on the protamine ribo- 
nucleate complex of the myeloma cells. Urethane will induce 
remissions of both lymphatic and myeloid leukemia. This com- 
pound has been used successfully in a variety of carcinomata 
to effect regression of lesions. There have been no cures. It 
is interesting to note that pulmonary malignancy can be in- 
duced by the administration of urethane to mice. The nitrogen 
mustards, especially methyl-bis (B-chloro-ethyl)-amine, as the 
hydrochloride, have been used for their nucleotoxic effect. 
Their greatest usefulness has been in treating Hodgkin’s Dis- 
ease, lymphosarcoma, and carcinoma of the lung. The specific 
nucleotoxic action is demonstrated particularly by the pro- 
found changes produced on the structure of the chromosomes 
in Drosophila melanogaster. These changes are similar to 
the effects obtained by the use of ultraviolet and X-radiation. 
Again, no cures have been obtained, although gross effects on the 
tumors have been manifest. 

The various compounds which destroy the different types 
of malignant cells have little or no similarity. Consequently. 
no one can predict which of the chemical compounds now 


known may show specific toxicity for abnormal cells. A 
widespread search, similar to that conducted for antimalarial 
drugs, might reveal valuable carcinocidal agents. 
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Dr. C. D. Leake, The University of Texas, Medical Branch, 
opened the afternoon session with Remarks on Codperation in 


Cancer Research: 

Cancer research is now developing rapidly and in many 
varied directions. No single individual, therefore, can hope 
to keep abreast of it all. Increasing codrdination of research 
efforts, and codperation between interested workers in the field 
of cancer, are essential if maximum benefits are to be derived 
from the large body of knowledge that is now being made 
available. 

An admirable opportunity exists at The University of Texas 
for a broad coéperative program of cancer research. Funda- 
mental research of an important character is going forward 
in the laboratories on the Main University campus at Austin. 
Particular attention is being given to the physical and chemical 
factors involved in growth, and factors associated with abnor- 
mal growth. These studies have been encouraged particularly 
in the Biochemical Institute and in the Department of Zoology 
and Physiology. At The University of Texas Medical Branch 
in Galveston, noteworthy studies of cancer are being pursued. 
These include embryological investigations in the Anatomy De- 
partment, tissue culture studies in the Tissue Culture Labora- 
tory, and surveys of nutritional factors associated with cancer. 
In addition, clinical facilities are available in the Pathology 
Laboratory, and in the clinics and wards of the hospital. The 
work at Austin and Galveston might be closely correlated with 
the investigations being carried forward at the M. D. Anderson 
Hospital for Cancer Research in Houston. This great institu 
tion offers a natural opportunity for the encouragement of a 
broad codperative research program. It has unusual facilities 
for clinical study, particularly in relation to the lines of 
approach developing at Austin and Galveston. All persons 
concerned would welcome continued leadership from the M. D. 
Anderson Hospital for Cancer Research, in arranging frequent 
meetings for the discussion of research efforts and in effectively 
correlating the endeavors of the various University groups en- 
gaged in cancer research. 
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Dr. Alfred Taylor, The University of Texas, Austin, spoke 
on Stromal Malignancy in Mouse Mammary Carcinoma: 

Mouse mammary tumor from the dba strain has been suc- 
cessfully maintained in embryonated eggs by the yolk-sac 
method of cultivation for more than 100 transplant-generations, 
or about four years. During that period, the tumor tissue has 
retained the characteristic mammary carcinoma histology. The 
stroma of these egg-grown tumors was of chick origin. 

Tumor tissue from the continuous egg series grew readily 
when reinjected into dba mice. Under these circumstances 
the stroma was furnished by mouse tissue. Histologic sections 
of the mouse-grown tumors frequently disclosed them to be 
mixed carcinoma-sarcomas. 

In a study involving 296 experiments and 4,418 mice, mixed 
carcinoma-sarcomas resulted in 48.6% of the first transplant- 
generation in mice of the egg-grown mouse mammary carci- 
nomatous tissue. Serial transplantation in mice was associated 
with an increase in this tendency. Over eighty-nine per cent 
of the tumors resulting from the 10th transplant-generation in 
mice of the egg-cultivated mouse mammary tumor tissue were 
carcinoma-sarcomas. 

The sarcomatous tissue appeared initially as patches in the 
stroma. When the growth rate of the new tumor was higher 
than that of the original mammary carcinoma, it quickly re- 
placed the latter so that an entirely new tumor type was 
obtained. 

To date, 22 sarcomas completely devoid of mammary car- 
cinoma cells and a large number of tumors made up of sarcoma 
and carcinoma, in varying proportions, have been produced. 
The straight sarcomas all grew faster than the original mam- 
mary carcinoma. Many of them, in addition, differed from 
the original tumor by the presence of giant cells, extreme 
atypical mitoses, and nuclear debris. In every instance, the 
characteristics of each new tumor was retained after repeated 
transplantation in mice or eggs. 


The suggestion has been made that the sarcomatous tissue 
appearing in these transplants was concealed in some way in 
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the original mammary carcinoma. This interpretation seems 
unlikely for the following reasons: 

(1) No evidence of sarcomatous tissue has been observed 
in the original tumor during the 4 years it has been cultivated 


in eggs. 
(2) The sarcomatous tissue appears in the stroma of the 


transplants in mice of the egg-grown mouse mammary tissue. 
Since the stroma is not transplantable between mouse and em- 
bryonated egg, it becomes necessary to assume that the “con- 
cealed” sarcoma cells migrate into the stroma after the tumor 
is transplanted back into mice. 

(3) Finally, since the sarcomas obtained differ widely in 
their cytology and physiology, one must assume that several 
types of sarcomatous tissue were hidden in the original tissue. 
In a malignant growth such as a mammary carcinoma, the 
cancer cells are known to be in immediate contact with nor- 
mal cells of the stroma, so that the passage of material from 
one of these cells to the other would have very little contact 
with intercellular fluids. Apparently, the simplest explanation 
for the stromal malignancies is that the virus from the mam- 
mary carcinoma cells infected contiguous normal cells of the 
stroma, thus causing them to become malignant. This explana- 
tion is of especial interest since, as previously reported, sar- 
comas with similar characteristics have been produced with 
cell-free extracts of material from eggs bearing implants of 
mouse mammary carcinoma. The fact that connective tissue 
cells of various types were affected by an agent from carcinoma 
cells provides further evidence that tumor viruses, like many 
other viruses, are mutable. 

Dr. P. A. Wheeler, Baylor University School of Medicine, 
Houston, discussed Statistics on Sites of Malignancy: 

The following results were obtained at the Department of 
Pathology, St. Louis City Hospital: 


Deaths 
Autopsies 
Color 
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Male Female 
Autopsies ’ 4,095 2,405 
Malignancy 16: 760 402 
Per cent 19 17 
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The data reported here differ from those reported in text- 
books. They are almost identical with data reported recently 
in a popular magazine. 
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Dr. C. M. Pomerat, The University of Texas, Medical 
Branch, Galveston, presented a paper on Recent Advances in 
the Study of Malignancy with Tissue Culture Technique: 

Recent work by Coman has demonstrated that a wide variety 
of human neoplasms obtained from the surgery or the autopsy 
room can be cultivated for long periods in roller tube cultures. 
Serum from human umbilical cord is a valuable nutrient. 
Various workers are employing 1000 units of penicillin and 
100 units of streptomycin per milliliter of medium to insure 
against bacterial contamination. Drs. Murray and Stout of 
the Department of Surgical Pathology at Columbia’s College 
of Physicians and Surgeons are studying the growth charac- 
teristics of neoplasms, particularly of the nervous system, which 
illustrate the value of such methods in the analysis of the 
origin and the potencies of the malignant elements involved. 
Their recent work on sympathicoblastomas indicate the im- 
portance of tissue cultures as an aid to rapid and sure diagnosis 
of this disease. 

In the Tissue Culture Laboratory of the Medical Branch 
at Galveston, Texas, significant investigations are being made 
of the cultural characteristics of cells from ascitic fluid asso- 
ciated with malignant and nonmalignant processes. By means 
of simple hanging drop preparations, the natural history of 
cell transformations over a period of some 10 days may be 
easily observed. The expression of potencies by various cell 
types serves to add information useful in establishing a pre- 
cise diagnosis. For example, abnormal mitoses, evidences of 
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secretory activity, the organization of cystoid bodies, the de- 
velopment of giant cells, and the formation of bizarre cellular 
aggregates are developed in relation to particular pathologic 
entities. Variations in the proportions of various components 
of the medium can be used to modify or intensify growth re- 
actions. It is hoped that the accumulation of such data will 
lead to the establishment of a series of “constants” regarding 
the behavior of various types of abdominal neoplastic cells 
living under controlled conditions. 

In addition to a description of the cultural history of ma- 
lignant and nonmalignant cells from ascitic fluid, preliminary 
experiments with the use of various sterol compounds and of 
X-rays are giving promising results. 

In one series of experiments, the effects of saturated con- 
centrations of androsterone, estrone, and progesterone in em- 
bryonic extract, on cells from a pseudomucinous cystadenoma 
of the ovary were observed. Luxuriant growth appeared in 
estrone, but marked restriction and injury occurred in the 
presence of the other two hormones. Unfortunately, these 
compounds are very insoluble in aqueous media, and little is 
known of their exact solubilities in plasma, serum and other 
biologic materials. Emulsions of medium containing known 
amounts of sterols dissolved in sesame oil made examination 
of living cells impossible; but after removing all traces of oil 
with xylol, in the course of the dehydration of cultures, satis- 
factorily stained preparations were obtained. The differential 
susceptibility of malignant and nonmalignant human cells to 
various sterol compounds is under study. These methods offer 
an experimental approach to the validity of current thera- 
peutic attempts to arrest malignant processes arising from 
tissue in the genital tract, by castration and the administration 
of hormones natural to the opposite sex. 

While considerable data exist regarding the effect of various 
doses of X-rays on cells from infrahuman species, little infor- 
mation has been obtained regarding quantitative effects of 
X-rays on human malignancies existing under the highly con- 
trollable conditions of tissue culture experiments. Ascitic fluid 
is being studied from this point of view. It is quite possible 
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to withdraw a small quantity of ascitic fluid before, and at 
various periods after, X-ray treatment of the human subject. 
A comparison of the cultural characteristics of cells from these 
various samples may prove useful as an aid to diagnosis and 
prognosis. 

Dr. W. A. Selle, The University of Texas, Medical Branch, 
Galveston, spoke about Nutrition in Experimental Cancer: 

Few subjects concerning cancer have received so much con- 
troversy as has nutrition and tumor formation. In fact, our 
present knowledge of diet and cancer poses more questions than 
it answers. 

Nutrition or diet, per se, can hardly be regarded as a major 
factor in tumor formation, unless, of course, substances such 
as the azo dyes are present in the diet. However, statistical 
studies of Hoffman and others suggest that individuals who 
develop cancer eat more and, in general, are in better nutritive 
condition prior to cancer than are normal individuals, or indi- 
viduals who are underfed and underweight. Likewise, observa- 
tions in many laboratories have established that caloric re- 
striction and certain dietary constituents alter the development 
of many spontaneous and induced animal tumors. 

Once formed, cancerous tissue grows and increases in weight, 
although the host’s body loses weight. In fact, transplanted 
tumors of the mouse are established as well in animals fed 
inadequately as in well nourished animals, but the growth 
of these transplanted tumors is retarded in malnourished hosts. 
Since tumors grow when the animal is in negative nitrogen 
balance, tissues of the host obviously supply nutrient substance 
for continued riotous proliferation. 

Spontaneous and induced tumors appear later and in a 
smaller percentage of animals when the total caloric intake 
is restricted. Thus, spontaneous mammary carcinomata, sub- 
cutaneous tumors produced by injection of a carcinogen (such 
as methylcholanthrene), skin tumors resulting from the paint- 
ing of a carcinogen or from ultraviolet radiation, induced and 
spontaneous lung tumors, and spontaneous and induced leuke- 
mias are all influenced by caloric limitation. The reduction 
in the average appearance time and in the incidence of such 
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tumors are, in general, proportional to the degree of caloric 
restriction. In fact, the effect of caloric intake on carcinogenesis 
is so pronounced that this influence must be considered in 
interpreting any experiment involving the influence of second- 
ary factors on tumor formation. Thus, the retardation of tumor 
incidence and growth by some agent may well be the indirect 
result of reduced caloric intake resulting from treatment, rather 
than the direct consequence of specific therapy. 

While formation of experimental tumors is generally de- 
creased by procedures leading to malnutrition, the findings for 
induced liver tumors are somewhat different. Malnutrition 
resulting from low protein intake or an insufficiency of certain 
amino acids, enhances rather than inhibits carcinogenesis. He- 
patic tumors, usually preceded by cirrhosis, can be produced 
in rats by incorporating in the diet one of the azo dyes, such 
as ortho-aminoazotoluol or p-dimethyl-amino-azobenzene. Such 
tumors can also be produced in rats by administering carbon 
tetrachloride or selenium. This laboratory has been unable, 
however, to produce these tumors in rabbits, guinea pigs, and 
chickens fed p-dimethyl-amino-azobenzene; attempts are now 
being made to induce them in monkeys. 

A relatively low protein diet is a prime requisite for the 
production of liver cancer in rats by the azo dye method. Rice 
flour, containing about 9 per cent protein, is usually used as 
the basic diet. In this connection, it has been pointed out 
that in certain parts of the world the incidence of primary liver 
cancer is unusually high. In South Africa, Java, China, the 
Philippines and other areas where the protein level is reported 
lower than that of our own country, the incidence of primary 
liver cancer is stated to be 35 per cent to 40 per cent; in the 
United States, according to several writers, it is 2 per cent to 
4 per cent. Obviously, factors other than diet may be re- 


sponsible for this difference in incidence. 


The formation of experimental liver cancer can be retarded 
by the inclusion in the diet of liver, liver extract, kidney, 
yeast, rice bran, rye, riboflavin, milk, casein, egg albumin, 
cystine, hydrogenated cocoanut oil, etc. Liver cancer is accel- 
erated by the addition to the diet of cholesterol, lanolin, phos- 
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phorus and arsenic. Also, carcinogenic action has been reported 


for biotin, idoxin, and fats. Since the fundamental mechanism 
of cancer is still unknown, the manner by which these dietary 
constituents influence tumor formation is obviously not known. 

Investigations in this laboratory have revealed that in cer- 
tain diets containing moderately high levels of protein, the 
substitution of sugar for fat diminishes the incidence of liver 
tumors. If the protein level is below 12 per cent, the substi- 
tution of sugar has no beneficial effect upon the high tumor 
incidence obtained with high fat diets. Caution must always 
be used in interpreting the effects of dietary constituents, par- 
ticularly in rats, since these are the only susceptible animals 
so far studied which have a high incidence of primary liver 
cancer. Experiments are in progress now to confirm the ob- 
servations in monkeys. 

In general, the experiments raise more questions than they 
answer, but it is hoped that continued studies such as these 
might lead to a better understanding of factors influencing 
carcinogenesis. This work was supported by the Sugar Re- 
search Foundation, Inc. 

The last paper, by Dr. F. Schlenk, The University of Texas, 
M. D. Anderson Hospital for Cancer Research, was a report of 
Recent Advances in the Study of Tissue Metabolism: 


During the past few decades biochemists have endeavored to 
elucidate the details of carbohydrate, protein, and fat metab- 
olism. As it is apparent from the preceding presentations, 
nucleic acids are gaining more and more importance for in- 
vestigators of biologic problems concerned with cellular growth. 
The chemistry of nucleic acids has been badly neglected. 
partly because other problems of chemistry seem to offer more 
immediate reward, and partly because of the extreme difficul- 
ties involved in work with nucleic acids and their fragments. 
The origin and fate of the nitrogenous bases, guanine and 
adenine, have been studied considerably. Information about 
pyrimidine bases is scanty, as is knowledge of the metabolism 
of the carbohydrate groups (d-ribose and desoxyribose). Nu- 
merous attempts to explore this field have met with failure. 
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In the course of investigations at this institute, enzymes 
were found in a number of mammalian tissues, including tu- 
mors, which metabolized pentose. For this process certain 
prerequisites are necessary. The pentose is inert, if in a free 
state, and the examination of free pentose is largely respon- 
sible for failures of earlier investigations. The pentose molecule 
must be in glucosidic linkage with the nitrogenous bases char- 
acteristic of nucleic acids; or they have to be esterified with 
phosphoric acid. The first conclusion reached was that phos- 
phoric acid plays the same important role in the intermediary 
metabolism of pentose as it does in the degradation and syn- 
thesis of hexoses. When attempts were made to isolate some 
of the intermediates, Robison ester (hexose-6-monophosphate) 
was obtained as crystalline calcium salt. A number of other 
esters are accumulated. Their isolation and identification is 
in progress. As a working hypothesis to explain the lengthen- 
ing of the 5-carbon chain to a 6-carbon chain, pentose is 
assumed to split into a C, and C, fragment and subsequently 
combine to form a 6-carbon compound. The outstanding fea- 
ture of this finding is that the pathways of pentose catabolism 
merge, at least in part, with the degradation of glycogen; and 
this sheds a light on the origin of pentose. The search for the 
C, fragment (glycol aldehyde) has been in vain, so far. It 
seems to undergo further changes, possibly a condensation to 
inositol. Thus, a promising approach to extended studies is 
open. 


Nore 


For admirable summary of recent scientific studies on 
chemical factors in carcinogenesis, see symposium in Volume 4 
of the British Medical Bulletin, 1947. 

Texas physicians may still obtain a copy of The Manual of 
the M. D. Anderson Hospital for Cancer Research, by writing 
to the Hospital in Houston. 




















ACTION OF CERTAIN PARASYMPATHOMIMETIC AND 
PARASYMPATHOLYTIC DRUGS ON BLOOD EOSINO- 
PHILIA IN THE GUINEA PIG* 


CoLEMAN D. CapLovitz 


Ever since allergic and anaphylactic states were first de- 
scribed, there has been noted a definite relation between such 
phenomena and the eosinophilic leucocyte count—both general 
and local. It has been noted consistently that there is a local 
infiltration of eosinophiles in the shock organ during an al- 
lergic crisis, and there is, just as consistently, a greater or 
lesser rise in the relative and absolute number of eosinophilic 
leucocytes in the peripheral circulation of persons with chronic 
allergic disorders. There are also certain facts which have 
been known for some time and which strongly suggest the 
existence of a relationship between the autonomic nervous 
system and allergic manifestations. These facts have been 
excellently summarized and discussed by Kuntz in 1945, and 
will not be discussed further here. With these relationships 
in mind, an attempt has been made in this series of experi- 
ments to determine whether or not there is a direct action of 
parasympathomimetic drugs in producing an eosinophilia. 


MetTHops AND MATERIALS 


Biggart, in 1932, reported the production of an eosinophilia 
in guinea pigs by means of the injection of certain foreign 
protein solutions. In his work, each successive injection pro- 
duced an additional rise in the eosinophile count. The injec- 
tions were given at intervals of 3 days, and the rise in eosino- 
phile count was noted for a period of 2 days after each in- 
jection, with a slight drop on the third day (prior to the sub- 
sequent injection). In these experiments, an attempt was 
made to utilize these findings by giving a foreign protein to- 
gether with certain parasympathomimetic and parasympatho- 
lytic drugs to see if the production of eosinophilia by the pro- 
tein could be altered by these drugs. 





*From the Department of Preventive Medicine, The University of 
Texas Medical Branch, Galveston. Received for publication May 22, 1947. 
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The guinea pig was chosen as a test animal because of: (1) 
the ease with which these animals can be bled from the ear, 
(2) their known susceptibility to anaphylactoid reactions from 
intravenous foreign protein injections, (3) their normally 
high eosinophile count, and (4) the fact that Biggart (1932) 
used these animals successfully in his work. Only male ani- 
mals were used to avoid any changes in blood count which 
might occur due to estrus variations. Blood specimens were 
obtained by means of snipping the edge of the ear with 
scissors. Counts were made by means of the standard dilu- 
tion procedures and with standard counting chambers. All 
differential counts were made from dried blood smears stained 
with Wright’s stain. These smears were made as nearly alike 
as is technically possible, and 500 cells were counted for each 
count (if no eosinophiles were seen in 500 cells, an additional 
500 were counted on the same slide). A standard meander 
was used, counting 250 cells at one end of the smear and 250 
at the other end, moving back and forth across the width of 
the smear. 


Six animals were used and six counts at daily intervals were 
taken on each before experimental procedures were started 
in order to establish a normal base line for each animal. Of 
the six animals used, two had relatively high normal eosino- 
phile counts (averaging 2,995 eos./mm.* and 3,618 eos./mm.*), 
three had relatively low eosinophile counts (averaging 484 
eos./mm.’, 405 eos./mm.*, and 447 eos./mm.*), and one had 
an eosinophile count near the middle of the range (1,873 
eos./mm.*). Of the two animals with high counts, one was 
treated with protein solution and atropine sulfate and the 
other was given protein solution and mecholyl (acetyl beta- 
methyl choline). The three pigs with low counts were given 
protein alone, prostigmine bromide alone, and protein plus 
prostigmine bromide, respectively. The pig with the median 
count was given mecholyl] alone. 


Two per cent human serum albumin in saline (obtained 
from plasma by salting out procedures and dialysis) and 
10% casein solutions were used as foreign proteins and were 
given in doses of 1.0cc., 2.0cc., and 3.0cc. Dosages of the 
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parasympathetic drugs used were sufficiently high to produce 
obvious symptoms on each injection and yet not be lethal to 
the animal. These were determined by trial and error to be 
2.0 mg./kg. for atropine sulfate, 0.2 mg./kg. for mecholyl, and 
0.05 mg./kg. for prostigmine bromide. 

In the first experiment, the animals receiving protein were 
given 1.0cc. of 2% albumin subcutaneously on the first and 
third days, 2.0 cc. of 2% albumin subcutaneously on the fifth 
and seventh days, and 3.0 cc. of 2% albumin intraperitoneally 
on the eighth and ninth days. The animals receiving drugs 
were given those drugs in the doses mentioned 3 times a day 
for the entire 9 days. Counts were taken daily prior to the 
first treatment for that day. 

After 15 days with no treatment, the second experiment 
was begun. In this experiment, the animals receiving protein 
were given 1.0 cc. of 10% casein intraperitoneally on the first 
and third days, 2.0 cc. of 10% casein intraperitoneally on the 
fifth and seventh days, and 3.0 cc. of 10% casein intraperi- 
toneally on the ninth and eleventh days. Animals receiving 


drugs were given those drugs throughout the course of the 
experiment as in the first experiment and counts were taken 
in a similar way. 


RESULTS AND CONCLUSIONS 


The results obtained were inconsistent and not significant 
since, although there was a slight trend toward a rise in 
eosinophile count (both relative and absolute) in the pig re- 
ceiving protein alone, that rise was not outside the range of 
variability of the normal counts taken prior to treatment, and 
the averages of all counts taken during the experiments were 
actuelly lower than the previous average (see Table I). 
Changes noted in counts of the other pigs were similarly not 
outside the range of normal variability for the pig. 

An incidental side experiment produced interesting results 
which would seem to support some of the findings reported 
by Biggart. The animal receiving prostigmine bromide alone 
and the animal receiving prostigmine bromide plus protein 
were followed with eosinophile counts at 15 min., 30 min., 





386 Caplovitz 

1 hr., 3 hr., 5 hr., 7 hr., and 24 hr. intervals after a single 
injection of the drugs. An initial sharp drop in eosinophiles 
(both relative and absolute) occurred in both animals (See 
Charts I, II, and III). This gradually rose, but the eosinophile 
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count was still subnormal after 24 hours. Although there was 
this noticeable drop in eosinophiles, there was a slight rise in 
total white count—a fact which can probably be accounted for 
by hemoconcentration due to excess salivation, lacrimation, 
nasal discharge, and other similar phenomena produced by 
the drug. The drop in the number of circulating eosinophiles 
could conceivably be due to local infiltration at the site of 
injection as noted by Biggart. 


SUMMARY 


An attempt was made to establish a relationship between 
parasympathetic drugs and the production of eosinophiles in 
guinea pigs. Using 2% human serum albumin and 10% 
casein solutions as foreign proteins to stimulate the production 
of eosinophiles, parasympathomimetic (prostigmine bromide 
and mecholyl) and parasympatholytic (atropine sulfate) drugs 
were given to note any alteration of such eosinophile stimula- 


tion. Results were inconclusive, since both treated animals 
and controls demonstrated no change which was outside the 
range of variability of the normal eosinophile counts. 
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An initial sharp drop in the eosinophile count was noted 
when prostigmine and prostigmine plus protein inoculations 
were made. This drop was still present, though to a lesser 
degree, 24 hours after inoculation. 
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INNERVATION OF THE ANTERIOR LOBE OF THE 
ARMADILLO HYPOPHYSIS: A COMPARATIVE 
DISCUSSION* 


GLENN A. DRAGER 


INTRODUCTION 


The literature contains many contradictory reports con- 
cerning the role played by the hypothalamico-hypophyseal 
fasciculus in the regulation of the secrétion by the anterior 
lobe of the hypophysis. Although the physiological data 
strongly indicates a hypothalamic nerve control for this por- 
tion of the hypophysis, most investigators find disappointingly 
few nerve fibers and nerve endings in this lobe. 

The hypophysis of the armadillo is similar to that of the 
porpoise, whale, manatee and the bird in that the processus 
infundibuli (neural lobe) is separated from the pars distalis 
except for the small intervening pars tuberalis (Oldham, 1938; 
Wislocki, 1929; Valso, 1934; Geiling, 1935; Oldham, McCleerly 
and Geiling, 1938; and Rahn, 1939). 

This separation of the anterior lobe from the pars nervosa 
makes the armadillo an ideal animal in which to study the 
nerve supply to the pars distalis. If the hypothalamus sends 
fibers to the anterior lobe, the separation of the pars distalis 
from the neural lobe will facilitate the tracing of fibers from 
the hypothalamico-hypophyseal fasciculus into the anterior 
lobe. 

The topography and the relations of the various portion of 
the armadillo hypophysis are shown in figure 1. Diagram- 
matically in the same figure (1) the above mentioned separa- 
tion of the two lobes are shown in sagittal section. 

The author is indebted to Dr. R. F. Blount and Dr. C. M. 


Pomerat for helpful suggestions and criticisms. 


*From the Department of Anatomy, The University of Texas Medical 
Branch, Galveston. This study was greatly aided by a grant from the 
Committee on Research in Endocrinology of the National Research Council. 
Received for publication June 20, 1947. 
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PLATE 1 


EXPLANATION OF FIGURES 


1. A drawing showing the dorsal, ventral and sagittal views of the arma- 
dillo hypophysis. 


MATERIALS AND METHODS 


A total of ten nine-banded armadillos (Dasypus novem- 
cinctus texanus) of various ages and both sexes were used. 
Combined portions of the Larsell technique (see Rasmussen, 
1938) and the Bodian technique (Bodian, 1936, 1937) were 
used in the staining procedure. A more detailed description of 
this method has been discussed elsewhere (Drager, 1947). 
The pituitary glands were removed immediately after the 
animals were sacrificed and treated in the following manner. 
The steps of the procedure follow. 

(1) Fix the tissue for 36 to 48 hours in a solution con- 
taining: 

80% alcohol 
Glacial acetic acid 


Neutral formalin (37%) 
Chloral hydrate 
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(2) Wash the tissue in many changes of distilled water, 
until no odor of acetic acid remains—about 5 hours. 

(3) Place the tissue in 80% alcohol for 10 hours, or longer, 

(4) Place the tissue in pure pyridine for 10 hours, or longer, 

(5) Wash the tissue in many changes of distilled water until 
the odor of pyridine cannot be detected. 

(6) Dehydrate in alcohol, clear in cedar oil, embed in 58- 
60° paraffin and section serially at 10 micra. 

(7) Remove the paraffin in xylol, run the slides through the 
alcohols down to water. Place the slides for 24 hours at 35° C. 
in a solution of 3% strong protein silver (Winthrop Chemical 
Co.), containing about 100 gms of BB size copper shot (Baker 
Chemical Company) per 100 cc. of solution. 

(8) Rinse, do not wash, the tray of slides in distilled water. 

Reduce for 10 minutes in the following solution: 

SR ee eee 
Sadium sulphite 
Distilled water 

(9) Wash thoroughly in many changes of distilled water 
and replace for another 24 hours in a bath of protein silver and 
copper, as in step 7. 

(10) Reduce and wash thoroughly, as in step 8. 

In steps 7, 8, 9 and 10, the slides may be handled in glass 
trays and containers holding several slides; in the following 
two steps, each slide is best handled individually. 


(11) After step 10, the sections are a deep brown color. 
Place one slide at a time in a 1% gold chloride solution con- 
taining 2 or 3 drops of glacial acetic acid per 100 cc. The gold 
solution should age at least a week before using. Leave the 
slide in the gold solution just long enough to decolorize the 
section. 


(12) Dip, do not wash, in distilled water. 

(13) Place the slide in a 1% oxalic acid solution several 
seconds to a minute. Remove the section as soon as the 
faintest bluish tinge appears. 

(14) Dip, do not wash, in distilled water. 

(15) Place the slide in a solution of 5% sodium thiosulphate 
for at least 10 minutes. If the sections turn too bluish purple 
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in this solution, then reduce the time in oxalic acid. A very 
faint bluish tinge is desirable. 

(16) Wash thoroughly in running tap water, dehydrate, 
clear in xylol and mount in clarite. 


OBSERVATIONS 


On the dorsal aspects of the armadillo hypophysis, a prom- 
inent groove is situated on either side of the pars nervosa, 
lying between the nervosa and the distalis (Fig. 1). Within 
this groove course small blood vessels and accompanying these 
vessels are numerous nerve fibers. All along this groove nerve 
fibers pass into the parenchyma of the pars distalis. More 
fibers enter the anterior lobe tissue at the cranial pole than 
elsewhere along the groove. Bilaterally, at the cranial pole, 
a prominent group of nerve fibers form a fasciculus (Figs. 2 
and 3). Each of these fasciculi pass caudally into the deeper 
portions of the anterior lobe. Upon entering the gland, the 
fibers of each fasciculus are relatively close together, but as 
they course caudally, they gradually become more and more 
dispersed. 

Once within the glandular tissue the nerve fibers course 
longitudinally between the cell columns (Fig. 2). Seemingly 
the cell columns radiate from the anterior dorsomedial aspects 
of the lobe. The nerve fibers tend to spread out and become 
relatively fewer per equal mass of tissue as the caudal ventral 
portions of the anterior lobe are approached. As these fibers 
pass between the cell columns they branch frequently (Fig. 9) 
and interwind around the columns. At various intervals, 
apparently at the axon terminals, several small nerve filaments 
may arise and apparently terminate by embracing one, or 
more, gland cells (Fig. 8). Other terminals consist of extremely 
fine nerve filaments which arise from the axon and contact 
the cell surface (Figs. 6 and 7). Another type of ending 
observed is a branched fiber terminating between the cells of 
a column (Fig. 5). 

A different group of nerve fibers are those found through 


out the capsule of the gland. It is not uncommon to find these 





PLATE 2 
EXPLANATION OF FIGURES 


Nerve fibers, indicated by arrows, coursing longitudinally between the 
cell columns of the pars distalis. X400. 

A prominent group of nerve fibers entering the cranial pole of the 
anterior lobe. Note the variation in the size of the fibers. X600. 

Nerve fibers entering the pars distalis from the hypophyseal capsule 
and interlacing the cell columns. X750. 

A forked nerve fiber in the pars distalis terminating between the cells 
of a cell column, X960. 








PLATE 3 
EXPLANATION OF FiGuRES 


A nerve fiber in the pars distalis, indicated by arrow, giving rise to 
several filaments which contact a cell in a column, X1425. 

The nerve filaments as shown in figure 6, at a higher magnification. 
Filaments indicated by arrow. X2200. 

A branched nerve fiber terminating on a cell in the pars distalis. X600. 
A nerve fiber in the pars distalis giving rise to several branches. X600. 
Nerve fibers from the hypophyseal capsule (C) entering the pars dis- 
talis and interwinding around the cell columns, X600. 
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capsular nerve fibers entering the glandular tissue and inter. 
lacing between the cell columns (Figs. 4 and 10). 


Most, if not all, of the nerve fibers entering the anterior 
lobe are probably autonomic. Clear-cut demonstrations of 
nerve fibers coursing from the processus infundibuli through 
the connective tissue septum into the pars distalis are negligibly 
few. Even when such fibers are found, their origin is not 
certain. Such fibers may well be stray autonomic axons. 
although they may also be axons of cells located in the hypo- 
thalamus. Should they arise from either source, their number 
is too small to be of functional significance. 


Figure 11 is a composite diagram of the relation of nerve 
fibers to the cell columns, as typically seen in the dorsomedial 
aspects of the pars distalis of the armadillo. In this region of 
the gland, the columns are relatively long and the nerve fibers 
appear more abundantly in longitudinal sections of the col- 
umns. This is also shown in figure 2. A cross section of the 
columns gives a misleading impression of fewer nerve fibers 
than are actually present. For example, a cross section at 
a level indicated by arrow A in figure 11 would show only a 
bifurcating axon as approximated in figure 9. A cross section 
at arrow B, figure 11, would show only the cross sections of 
the nerve fiber which, under ordinary circumstances, would 
be very difficult to identify with certainty. Yet, a cross section 
at arrow C would reveal the same nerve fiber more nearly 
in the arrangement as indicated in figures 5 and 6. 

Even though the anterior lobe, as a whole, appears to be 
scantily supplied with nerve fibers, it is very probable that in 
many sections fibers are present but undetectable. This may 
be the reason why certain regions of the anterior lobe seem 
to be more abundantly innervated than other areas. 

Relatively few cells could be demonstrated to be in contact 
with nerve terminals. Whether this scarcity of terminals is 
a false’ impression due to the position in which the cells were 
sectioned, or to the fact that only specific cells in the column 
receive impulse is not evident. Probably the scarcity of demon 
strable terminals is due to the lack of a technique refined to 
the extent of revealing al) of the endings that are present. 
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PLATE 4 


1!. A composite drawing showing the relation of the nerve fibers and 
terminals to severe! cell columns in the anterior lobe of the hypophysis 
A detailed description of these relationships is included under obser 
vations of this report 
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DiscussIon 


To date, there has not been a satisfactory explanation of 
the mechanism controlling the anterior lobe of the hypophysis. 
Many theories have been proposed on physiological data in 
favor of a neural control of the gland, either by way of the 
hypothalamico-hypophyseal pathway, or via the autonomic 
nervous system. Morphologically, a direct nervous pathway 
regulating the secretion of the pars distalis is wanting. Like- 
wise, exceedingly few investigators have demonstrated nerve 
fibers or nerve endings within the parenchyma of the anterior 
lobe in sufficient numbers to indicate a neural control of glan- 
dular secretion. 


In this study of the armadillo hypophysis, the adundance 
of the nerve fibers entering the pars distalis does, however, 
suggest a neural control of the gland in this animal. Most of 
these non-myelinated fibers accompany blood vessels to the 
gland and are undoubtedly related to the autonomic nervous 
system. However, the size of some of the fibers as shown on 
figure 3 strongly suggest that the largest of these fibers may 
be afferent in function. Only a negligible number of fibers 
could be traced from the processus infundibuli to the pars 
distalis. 


Many investigators are of the opinion that the autonomic 
nerve fibers in the pars distalis are vasomotor, This is usually 
assumed on the grounds that such fibers accompany blood 
vessels as they enter the gland and because few studies have 
revealed nerve terminals on the glandular cells. Undoubtedly, 
many of the fibers entering the anterior lobe are vasomotor in 
one capacity or another. Yet the finding of nerve endings as 
reported by Berkley (1894), Pines (1925, 1926), Brooks and 
Gersh (1938, 1941) and others cannot be disregarded. Pines 
describes the anterior lobe as being richly supplied with non- 
myelinated sympathetic fibers which ultimately terminate on 
the gland cells. Intercellular nets with varicose thickenings 
were found, and from the varicosities secondary fibrils arise 


which, after branching and anastomosing, form terminal nets 
around the cells. 
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Although the exact function of the nerve endings which are 
situated between and around the gland cells (Figs. 5, 6 and 
8), as found in this study, cannot be determined with certainty, 
it is questionable whether vasomotor nerve fibers would term- 
inate in this manner. 

The presence of such endings suggests several functional 
alternatives: (1) The nerve fibers and endings are secretory 
to the gland cells; (2) the nerve terminals are afferent re- 
ceptors; (3) or such nerve elements influence the release of 
the stored pituitary secretions into the blood stream. 


Evidence in support of a nervous control of the pars distalis. 


Pseudopregnancy may be induced in the rat by mechanical 
or electrical stimulation of the cervix uteri (Long and Evans, 
1922; Slonaker, 1929; Meyer, Leonard and Hisaw, 1929; and 
Shelesnyak, 1931). Likewise, ovulation in the cat is always 
dependent on coitus (Longley, 1911; Grenlich, 1934; Dawson 
and Friedgood, 1940). Grenlich also noted that stimulation of 
the distal portion of the genital tract mechanically as with a 
glass rod may induce ovulation. Although, in the rabbit as 
in the cat, ovulation is initiated by coitus, mechanical stim- 
ulation of the uterus will not bring about ovulation. 

Vogt (1931) reported that extirpation of the superior cer- 
vical ganglion in the rat abolishes the mechanical (glassrod) 
reaction but that pseudopregnancy invariably resulted after 
such animals were mated with vasectomized males. On the 
other hand, Friedgood and Bevin (1941) found that sym- 
pathetic extirpation decreased the percentage of mechanically 
induced pseudopregnancies, but did not abolish the reaction. 

Friedgood and Pincus (1935) reported that ovulation in 
the rabbit followed faradic stimulation of the cervical sympath- 
etic trunks. Haney (1932) observed a decrease of the BMR of 
7 of 9 rabbits after removal of the cervical sympathetic trunks. 
Similarly, it has been reported that the BMR of cats decreases 
20% to 35% following cervical sympathectomy (Brock, Doty, 
Krasmo and Ivy, 1940). Friedgood and Cannon (1940) states 
that Cannon, Bringer and Fitz observed cardinal signs of 
hyperthyroidism in a number of cats in which a unilateral 
phrenicosympathetic anastomosis had been made. Investi- 
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gating the problem further, they made an anastomosis between 
the proximal portion of the right phrenic nerve and the distal 
segment of the cervical sympathetic trunk in 28 cats. Nine of 
the 28 anastomoses were functional 6 months later. Two of 
the 9 animals developed an increase in the BMR, tachycardia, 
restlessness, and unilateral exophthalmus. All of these investi- 
gators interpreted their results to be due to alternation of the 
secretions from the anterior lobe. Also of interest is a report 
of a case of amenorrhea which had persisted for 7 years that 
was successfully treated by electrical stimulation of the cervix 
uteri (Friedgood. 1944). The success was attributed to the 
stimulation of the anterior lobe by nervous pathways from the 
uterus to the pituitary gland. 

The reports of Marshall and Verney (1936) and of West- 
man and Jacobsohn (1937, 1940) also indicate genito-pituitary 
nerve connections. These investigators found that strong re- 
peated electrical stimulation of the lumbo-sacral cord would 
produce ovulation in the rabbit. In addition, Westman and 
Jacobsohn found that hypophyseal stalk section abolished the 
reaction. Brooks and Lambert (1939) likewise found that stalk 
section invariably prevented coitus induced ovulation in the 
female but did not interfere with the reproductive activities 
of all male rabbits. 

In contrast to the work on the rabbit is the findings of 
Dempsey and Uotila (1940) in which they found that the 
reproductive cycles, ovulation, pregnancy and lactation are 
normal following stalk section in the rat. This also is true of 
the dog (Keller and Hamilton, 1937), the human (Dandy. 
1940) and the monkey (Brooks and Bard, 1942). 

Functionally, the hypothalamico-hypophyseal fibers do not 
seem to play as great a role in the human, monkey, rat and 
dog as in the rabbit; thus emphasizing the importance of the 
autonomic innervation of the anterior lobe in certain animal 
forms. 


Evidence in favor of afferent nerve elements. 


Of the numerous investigations which have been made on 


the hypophysis, few reports are to be found in the literature 
concerning the afferent nerve supply to the pituitary gland. 
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Vazquez-Lopez (1942) reported that corpuscles resembling 
afferent endings were present in the hypophyseal capsule of 
the horse. This investigator also greatly emphasized the pos- 
sibility of the pars nervosa as being a chemo-receptor sending 
afferent impulses by way of the hypothalamico-hypophyseal 
fasciculus to the hypothalamus. 


Evidence in support of nerve impulses regulating the release 
of the hypophyseal secretions. 

In the mammal there is a rhythmic release or secretion of 
the hormones of the anterior lobe into the blood stream. In 
the spontaneous ovulators, the peak of the gonadotropic titer 
in the blood brings about ovulation. In a non-spontaneous 
ovulator. as the rabbit, a condition of estrus is constant; and 
following sexual excitment, only, is there sufficient additional 
gonadotropin liberated into the blood stream to cause ovulation. 
In the rabbit it has been demonstrated that ovulation is 
achieved by a release of the gonadotropins from the anterior 
lobe. This release occurs during and for about one hour fol- 
lowing coitus (Fee and Parkes, 1929). Coitus in this animal 
is followed by a rapid depletion of the gonadotropin (Make- 
pease and Weinstein and Friedman, 1938) as well as thyro 
tropin, and possibly other secretions from the anterior lobe 
Saxton and Greene, 1942). Should coitus reflexly result in 
increased secretion of gonadotropin from the cells, then it 
would seem that the content of the gonadotropin in the gland 
should remain nearly constant in quantity, both before and 
following ovulation. 

It is established that in higher mammals the act of copula- 
tion is climaxed by a diffuse discharge of the autonomic 
nervous system. This is evidenced in the male by the process 
of ejaculation and in the female by contraction of the uterine 
musculature (Kuntz, 1945). Asher and co-workers (see Engel, 
1941) noted that autonomic impulses influenced the perme 
ability of capillaries. It was noted that after cervical sym 
pathetic ganglionectomy in the rabbit, fluorescein injected into 
the peritoneal cavity appeared in the aqueous humor of the 
anterior chamber of the eye on the sympathectomized side 
later than on the normal side. Recently, Engel (1941) has 
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observed that the transfer of fuchsin (injected intramuscularly 
or intravenously) across the synovial membrane of the knee 
joint in cats, rabbits, and dogs was considerably reduced on 
the sympathectomized leg. He contends that sympathetic 
activity increases and that sympathectomy decreases capillary 
permeability. These facts suggest that possibly in the non- 
spontaneous ovulators, stimuli from the genitalia and the emo- 
tional state which accompanies coitus may reflexly result in 
an enormous discharge of the thoraco-lumbar nervous system. 
These nerve impulses may, in turn, alter the release of the 
stored gonadotropic hormones of the anterior lobe into the 
blood stream. Makepease’s observation of a marked decline 
of the gonadotropic material in the rabbit pituitary following 
coitus certainly suggests a mechanism of this nature. 


Although the hypothalamico-hypophyseal fasciculus seems 
necessary for ovulation in the rabbit, evidence indicates that 
the fibers descending this tract are not necessary for the 
production of the gonadotropin material. Assays have revealed 
normal concentrations of both follicle stimulating and lutein- 


izing substances in the glands of both male and female animals 
whose hypophyseal stalks had been previously cut (Brooks 
and Lambert, 1939). 


CoNCLUSIONS 


If the terminals as found in this study are secretory in 
function, it must be assumed that specific cells of the pars 
distalis receive efferent innervation. Relatively few cells can 
be demonstrated to be in contact with the nerve terminals. 
More feasible is the possibility that the techniques now used 
for staining nerve fibers have not been refined to the extent 
of demonstrating all of the nerve elements present. However, 
Dawson (1946) in a cytological study of the cat pituitary states 
that, “Both nervous stimuli (from the uterine cervix and the 
nipples) result in the rapid elaboration and release of secre- 
tory products by the carminophiles.” This suggests that only 
carminophiles are affected by such nervous stimuli. 

It is highly probable that the hypophyses of various animal 
groups are controlled and regulated differently. Differences, 
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as that between spontaneous and non-spontaneous ovulation, 
should require different anterior pituitary regulating mechan- 
isms, whether such control is nervous or non-nervous. Like- 
wise, the retino-pituitary reflexes which influence the inter- 
mediate lobe secretion of lower forms is undoubtedly rudimen- 
tary or absent in higher animals. At least, there is little evi- 
dence to indicate otherwise. Most poorly understood of all is 
the retino-pituitary reflex governing the gonadotropic secre- 
tion in birds. Although the physiology of this phenomenon has 
been described by Bissonette and co-workers, no nerve fibers 
could be demonstrated between the hypothalamus and the 
pars distalis (Drager, 1945). Recent studies of neuro-secretion 
strongly suggest factors other than nerve impulses influencing 
the hypophysis (Scharrer and Scharrer, 1940; Paley, 1945). 
However, investigations on hypothalamic neuro-secretion indi- 
cate species differences. From the morphological data now ac- 
cumulated it is also evident that the nerve supply to the 
anterior lobe may vary among animal groups. 

Only one report could be found in the literature of hypo- 
physeal stalk section in the human (Dandy, 1940). The obser- 
vations of this case indicated that the hypothalamico-hypo- 
physeal nerve fibers are not necessary for the control of the 
human anterior lobe. In accordance with Dandy’s findings 
are the morphological studies of Rasmussen (1938) in which 
very few fibers of hypothalamic origin were found to enter 
the human pars distalis. Physiological investigations have 
shown that nerve fibers descending the stalk do not necessarily 
control the anterior lobe of the dog (Keller and Hamilton, 
1937) and the monkey (Brooks, et al., 1942). Morphological 
studies of the dog substantiate the findings of Keller (Dandy, 
1913; Drager, 1943). Likewise, Hair’s studies (1937) reveal 
that most of the fibers in the anterior lobe of the cat are from 


the autonomic nervous system rather than from the hypo- 
thalamus. 


On the other hand, in the rabbit considerably more em- 
phasis, both physiologically and morphologically, is placed on 
the hypothalamico-hypophyseal fibers. In this animal, nerve 
fibers and terminals of hypothalamic origin have been described 
in the anterior lobe by Brooks and Gersh (1938, 1941). 
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Obviously, there is considerable agreement among investi- 
gators regarding the nerve supply to the anterior lobe of par- 
ticular animals. However, possibly due to species differences, 
the over-all picture of the innervation of the pars distalis 
seems very confusing. It is unquestionably erroneous to refer 
to the nerve supply of the anterior lobe of one species as a 
standard innervation of the pars distalis of all animal forms. 


SUMMARY 


1. A study was made of the innervation of the pars distalis 
of the armadillo hypophysis. The armadillo was used in this 
study because this animal possesses no pars intermedia and 
that the anterior lobe is separated from the neural lobe of the 
gland. This separation facilitates the determination of the 
origin of the nerve fibers entering the anterior lobe. 

2. Ten glands were used. The material was prepared ac- 
cording to the pyridine protein silver method of demonstrating 
nerve fibers. 

3. Most of the nerve fibers in the anterior lobe of this ani- 
mal are of autonomic origin. Only a relatively few fibers of 


hypothalamic origin enter the anterior lobe. The course and 
termination of these autonomic nerve fibers are described. 
4. Several types of nerve terminals were observed. These 


terminals are shown in accompanying photographs. 

5. The possible functions of the terminals are discussed in 
connection with a review of the literature. 

6. A composite illustration of the relation of nerve fibers 
to the cell columns is included. 

7. It was concluded that it is unquestionably erroneous 
to refer to the nerve supply of the anterior lobe on one animal 
as a standard innervation of the pars distalis of all animal 
forms. 
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Manuscriept ABSTRACT 


In the armadillo hypophysis the neural lobe is separated 
from the anterior lobe. This separation suggested that this 
mammal would be ideal for studying the nerve supply to the 
anterior lobe in that this separation would facilitate the de- 
termination of the origin of the fibers entering the anterior 
lobe. The topography of the gland is illustrated. The glands 
from ten animals were prepared according to the pyridine 
protein silver method of demonstrating nerve fibers. Many 
nerve fibers were found to enter the anterior dorso-medial 
aspects of the gland. These fibers are for the most part 





408 Drager 


autonomic. Such fibers upon entering the gland course longi- 
tudinally between the cell columns. The fibers frequently 
give origin to branches which interwind around the cell cords 
and from these interwinding fibers, nerve terminals were found 
to end between and around the gland cells. The terminals are 
shown in accompanying photographs. Also a composite draw- 


ing showing the relation of the nerve fibers and terminals to 
the cell columns in the anterior lobe is included. The func- 
tion of the terminals, as found in this study, is discussed in 
connection with a review of the physiological and morpholog- 
ical literature. 





REFLEX FACILITATION IN RELATION TO PAIN 
FOLLOWING NERVE INJURIES* 


E. L. Portert 


“Pain is of particular importance to the physician whose services 
are judged by the community largely by his skill in suppressing 
this sensation” (Macleod, 1922). 


The physician who, other things being equal, does not elim- 
inate all possible pain acquires an undesirable reputation. But 
his task is often difficult or impossible. His very efforts to cure 
may be defeated by pain. A procedure certain to be successful 
may be refused by the patient because of the unavoidable pain. 
Every physician has sooner or later the patient with an incur- 
able disease accompanied by pain which nothing short of 
general anaesthesia will eliminate. Such cases are bound to 
increase with the steadily increasing numbers of elderly people 
in the population. Society will keep many of them alive only 
to suffer with intractable pain. We still have much to do before 


all intractable pains become tractable. We can prevent sight 
or sound from being experienced, but pain is in a different 
category. We need to know much more about it. 


Research on pain is difficult. Animals cannot report and if 
they could, humanitarian reasons would limit the investi- 
gation. Certain signs in the anaesthetized animal can be used 
as in Moore and Singleton’s (1933) investigation on pain in 
arteries, and much light has been thrown on human cutaneous 
pain as well as pain in general by the work in recent years of 
such investigators as Bishop (1944) and his co-workers and 
Hardy, Wolff and Goodell (1943). 

A particularly baffling pain is that following nerve injuries 
(causalgia). S. Weir Mitchell (1872), who was the first to 
study causalgia intensively and gave it the name, characterized 
the pain as “ .. . the most terrible of all the tortures which a 


*The experiments referred to in this paper were carried out in collabora- 
ton with A. N. Taylor, now of the Department of Physiology of the 
University of Oklahoma Medical School, Oklahoma City, Oklahoma. 

From the Department of Physiology, The University of Texas Medical 
Branch, Galveston. Received for publication July 25, 1947 
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nerve wound may inflict.” “Its intensity varies from the most 
trivial burning to a state of torture which can hardly be 
credited.” 

In spite of all advances since Mitchell’s day, this pain is 
still with us. Control of infection and other methods have 
greatly reduced its incidence, but White (1945), writing as 
late as 1945, predicted that “with the great number of patients 
having . . . injuries of peripheral nerves who are today reach- 
ing our hospitals from overseas, these sources of persistent pain 
are certain to be a major problem for years to come.” 

Similarly Livingston (1943) has predicted that as a result 
of war injuries “surgeons all over the world . . . will be con- 
fronted by cases that exhibit sensory changes and the loss of 
motor function so bizarre in their distribution, and apparently 
so unrelated to the apparent causes as to throw doubt on there 
being any possible organic basis for them.” 

Practically every paper on this subject emphasizes the fog 
and uncertainty which surrounds its basic physiology. “Before 
discussing intractable pain following injuries of the peripheral 
nerves, it must be acknowledged how much of this’ perplex- 
ing subject remains unknown” (White, 1945). “ .. . the ob- 
jective signs of the causalgic syndrome are susceptible to so 
many explanations that they can be made to support nearly 
every theory” (Doupe, Cullen and Chance, 1944). “The exact 
etiologic mechanism of the production of the pain seems to 
be little nearer solution today than at the time of Mitchell” 
(Allbritten and Maltby, 1946). The need for more informa- 
tion is evident. 

Research on this type of pain is especially difficult. The 
patient naturally resents all examination for fear of an un- 
bearable exacerbation of his already burning pain. 

Causalgia cannot be produced to order in animals, and if it 
could, humanitarian reasons would prohibit its study even if 
the lack of a verbal report did not render the study useless. 

One of the most puzzling features of a typical causalgia case 
is the fact that the “trivial burning” may be changed to an 
unbearable torture by seemingly insignificant causes. “The 
part itself is not alone subject to an intense burning sensation, 
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but becomes exquisitely hyperaesthetic, so that a touch or a 
tap of the finger increases the pain. Exposure to the air is 
avoided by the patient with a care which seems absurd... ” 
“The hyperaesthesia of the palm was excessive, so that even 
to blow on it seemed to give pain” (Mitchell, 1872). Almost 
any paper since Mitchell’s time will be found to describe simi- 
lar cases. Livingston (1943) points out that “Since the hy- 
peraesthesia often exists without any evidence of organic path- 
ology, the observer is prone to underestimate its severity or 
to doubt its reality.” 

The unbearable paroxysms of causalgia set off by trivial 
causes show a striking resemblance to the facilitation of reflex 
action which we find can be produced in the Sherrington 
(1909) headless cat preparation. 

Reflex facilitation has been well defined recently by Lloyd 
(1946) as follows: “The term facilitation is frequently en- 
countered in neurophysiology. It is derived from the German 
word ‘Bahnung’ and means, in a general way, that because of 
some antecedent or concomitant event ‘the job is more easily 
done’ or ‘a bigger job can be done.’” The physician is familiar 
with facilitation in connection with the knee jerk. Because of 
the antecedent clenching of the hands, “a bigger job can be 
done,” i.e., the kick is higher. 

In causalgia the paroxysm of pain, non-existent if the patient 
takes precautions, is made easy by the concomitant stimulus. 
The pain may be quite low-grade and bearable until some 
“concomitant stimulus” occurs when the pain is facilitated to 
an explosive and torturing paroxysm. To avoid such stimuli 
the patient may become a complete recluse, useless to himself 
or his family, and be judged psychoneurotic as indeed he may 
become if the pain goes on long enough. | 

In this report I shall describe certain of our results in the 
facilitation of reflexes in the headless cat and indicate how 
they lend support to certain recent conceptions of the nature 
of causalgic pain, in particular the paroxysmal attacks set off 
by slight causes. 

In the headless cat with only the spinal cord functioning, 
the hind leg is withdrawn if stimuli which would be painful 
to the conscious animal are applied to the foot. Such stimuli 
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are pricking, burning, pinching, or electric shocks. No other 
stimuli are effective in causing this reflex. This response can 
be made greater by various procedures, i.e., it can be facilitated, 
Some of these procedures bear a striking resemblance to the 
slight causes of paroxysms in causalgia, and seem to us to 
justify comparisons and conclusions. The particular observa- 
tion which is most striking is that a spinal cat which is with- 
drawing the foot only slightly to a weak “painful” stimulus 
may be made to withdraw the foot violently to this weak 
stimulus if the fur of the foot is blown upon simultaneously. 
This parallels the condition in the causalgia patient whose 
pain may be relatively mild, but who suffers a paroxysm when 
the wind blows across his arm. If, in the headless cat, a pro- 
found change in the responsiveness of the spinal cord can be 
brought about by such a mild stimulus as blowing on the fur, 
it seems justifiable to suggest that a similar facilitation in the 
spinal cord of the causalgia patient may be the underlying 
nervous disturbance leading to his paroxysm of pain. 


MeEtTHOD 


Our experimental method has been described in detail in 
previous papers (Porter and Allamon, 1936; Porter, Blair and 
Bohmfalk, 1938; Porter and Taylor, 1945). The brain of a 
cat under deep ether anesthesia is pithed through the foramen 
magnum. The cord is also pithed to the lower thoracic level 
to avoid interference from the scratch reflex. The tibialis 
anticus muscle records its contractions on a slow drum (8 mm. 
a min.). The sensory nerve used to cause the flexion reflex 
contraction of this muscle is the posterior tibial. It is stim- 
ulated electrically while immersed in Ringer’s solution in a 
special glass tube electrode previously described (Porter, 1917). 
Stimulation occurs at a constriction in the tube which fits the 
nerve without compression. Circulation in the nerve may be 
seen with a dissecting microscope to continue without ap- 
parent change during the course of an experiment. The nerve 
may be left in place and stimulated for hours without signifi- 
cant change in threshold. 

Stimulation is by break shocks from a large inductorium. 
The primary current is from a dry cell and is reduced by 
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resistance to 0.1 A. The primary circuit is made and broken 
by an amalgamated spring brass strip which dips into a pool 
of mercury. This is so connected to the artificial respiration 
pump that a shock to the nerve is given with each inflation 
of the lungs. The secondary coil position is such that break 
shocks alone are effective. 

A test for the facilitation of the reflex is made as follows: 
the secondary coil is so adjusted that break shocks are near 
the threshold of stimulating value. When it is evident that 
the muscle is contracting with reasonable regularity (see Fig. 
1), the facilitation procedure is carried out. When the effect 
is pronounced, as shown by the increased extent of the con- 
tractions, the shocks to the nerve are omitted for 10-15 seconds. 
Complete quiescence of the muscle shows that the procedure 
employed did not of itself cause reflex action but facilitated 


Fic. 1. Facilitation of the flexon reflex 
(spinal cat) by a drop of strong nitric acid on 
the skin at the knee. Shocks to sensory nerve 
(posterior tibial) cause low contractions at the 
start. Application of acid is followed by much 
higher contractions. Shocks omitted at one 
point for 20 sec. Quiescence of the muscle 
shows that acid alone was not causing reflex 
contraction but only facilitation. Acid washed 
off two minutes later. Facilitation ceases. 
(Time in minutes.) 
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some process within the cord in such a way that the un- 
changing shocks to the nerve gave a greater motor reflex 
response than before. 


RESULTS 


A typical demonstration of facilitation is shown in Fig. 1, 
The cut sensory nerve from the foot was receiving shocks 
regularly once in three seconds, and the muscle contracted 
slightly with each stimulus as shown at the beginning of the 
record. This indicates what would be slight pain in the con- 
scious animal. A second continuous stimulus was then applied 
to the foot in the form of a drop of strong nitric acid. The 
contractions were immediately increased in height. Presum- 
ably the conscious cat would have been suffering greater pain 
following the application of this acid than from the shock to 
the nerve alone. At first sight this might seem to be a case of 
plain summation of stimuli—spatial summation—the pain 
caused by the electric shock to the nerve being added to the 
pain from the acid on the skin. This is not the case, however, 
for the following reason. 

At the point marked zero on the record, the shocks to the 
nerve were discontinued and the muscle immediately became 
quiet; the stimulus caused by the acid alone was not effective 
in causing the muscle to contract. But when the shocks to 
the nerve were resumed, their effect was facilitated by the 
acid and the contractions again became high. That strong 
nitric acid should produce this result is not surprising in view 
of the pain which it produces in the conscious animal. We 
have found, however, that facilitation of reflex action may be 
brought about by other stimuli much less severe or extreme 
than nitric acid on the skin. oHt water (55°) is effective 
when dropped on the skin of the cat’s lower leg. Water at 
this temperature is not painful to the human skin when dropped 
upon it in this way. Ice water is similarly effective. 

Stretching the skin by spreading the toes gives a similar 
result. An especially striking facilitation is brought about by 
rubbing the fur back and forth with a long slender stick 
(applicator) as shown in Fig. 2. This procedure if carried 
out on the operator’s own hand or arm is not in the least 
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painful, but merely a touch sensation of a fairly vigorous sort. 
It is, however, the sort of stimulus which the patient with 
causalgia especially complains of as starting a paroxysm of 
pain. In fact, he dreads light touch more than firm pressure. 


Fic. 2. Reflex facilitation in the spinal cat while rubbing the fur on the 
side of the foot for about 2 minutes with a slender stick of wood (applicator). 
Same set-up as Fig. 1. Reflex contractions of the muscle were close to 
threshold at the start. Rubbing the fur caused a strong reflex response to 
every electrical stimulus of the nerve. The rubbing alone caused no reflex 
response as shown at 0 when the shocks to the nerve were discontinued. 


A significant feature of the experiment of Fig. 2 is the fact 
that response to electric shocks to the nerve had been prac- 
tically non-existent until the rubbing was begun. One thinks 
at once of the causalgia patient whose pain is almost absent 
but who refuses to allow the physician to touch his arm be- 
cause of the paroxysm he knows will follow. 

Such a patient may also get a paroxysm from a mere puff 
of air across his arm. Such a result from so feeble a stimulus 
tempts one strongly to suspect a psychoneurotic tempera- 
ment in the patient. Yet we were able to imitate this exactly 
in the headless cat. Blowing on the fur of the foot brought 
about a relatively enormous increase in response to electrical 
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stimulation of the pain nerve. Such an experiment is shown 
in Fig. 3. The blowing was done by the operator through a 
medicine dropper tip thrust into a rubber tube. It was moved 
back and forth to blow up the fur over a space of three or 
four centimeters on the top of the foot, but at no time was 
the foot touched by the tube. The blowing alone was quite 
ineffective as shown at “0”; the background of shocks to the 
sensory nerve was always necessary. 


ad ae er da ——. 





Fic. 3. Facilitation of the flexion reflex (spinal cat) by blowing on the fur 
of the foot through a small glass tube. Same set-up as Fig. 1. Break shocks 
to the posterior tibial nerve gave near minimal reflex response at the start 
of the record. Blowing on the fur was continued for about a minute and 
a half as indicated. Facilitation is shown by the greatly increased height 
of contractions. The blowing itself caused no reflex contractions as shown 
by discontinuing the electrical stimuli at “0.” 


DiscussIoN 


To draw conclusions about causalgia from the behavior of 
a headless cat seems far-fetched it must be admitted. But the 
relatively enormous facilitation of reflex action which can 
be demonstrated in our preparations from trivial causes of the 
same nature as operate in the causalgia patient seem to us to 
justify the comparison. The suggestion forces itself upon one 
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that a somewhat similar facilitation may be operating in the 
spinal cord of the causalgia patient which is the basis for his 
paroxysm of pain. 

On the basis of the older ideas of the anatomy and physi- 
ology of the reflex arc it has been difficult to picture how such 
marked facilitation as we have described could take place. 
Sherrington (1932) gave an impetus to recent studies with his 
conception of the “subliminal fringe.” A sensory neurone 
which throws a motor neurone into action also sensitizes a 
neighboring motor cell but does not stimulate it. This motor 
cell may be in the “subliminal fringe” of a second sensory 
neurone. If both sensory neurones are stimulated together, 
the resulting action is greater than would be expected from 
the two because formerly sensitized but inactive motor cells 
are now brought into play. 

But the causalgia patient shows more than the facilitation 
represented by his paroxysm. His steady pain seems to be a 
continual facilitation—a vicious circle of some sort. One 
thinks of auricular fibrillation where the “circus movement” 
is perpetuated because the refractory period is too short or 
the rate of contraction too slow so that the muscle is always 
found in an irritable state. Increase the refractory period as 
by quinidine and the vicious circle is broken; the heart beat 
becomes normal and in some cases a maintenance dose is 
thereafter unnecessary (Goodman and Gilman, 1941). Much 
light has been thrown on the problem in recent years by the 
work of Lorente de No (1938). He has brought forward. as a 
result of experiments of great ingenuity and clarity, convinc- 
ing proof of the existence of an “internuncial pool” of neurones 
within the reflex arc. The old picture of the reflex arc as 
given to beginning students of physiology, with one inter- 
calated “association” neurone in the cord between sensory and 
motor neurones, is an over simplification justifiable for teach 
ing purposes only. Instead we have “pools” of interconnected 
neurones so arranged that a reverberation or “self-reéxciting” 
process can occur. A crude example is that of the “feeding 
back” of sound in a public address system when the amplifica- 
tion is in an auditorium. 
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The idea of the internuncial pool is shown diagrammatically 
in Fig. 4, which is simplified from Lorente de No’s original, 
When the original impulse represented by the arrow on sen- 
sory neurone S reaches junction 1, it will divide stimulating 


MM 


—_— =< e 





2 (O—— 


Fic. 4. Closed self-reéxciting chain of neurones in an internuncial pool. 
(From Lorente de No (1938) Simplified.) 

both branches. At junction 2 it will again divide with an 

impulse along both branches. There will be delay at both 

synapses, S, and S,. The final result on the motor-fiber M 

is a chain of three impulses. Each impulse as it circles the 

pool may divide again as at first. The possibility of long 
continued self-perpetuated action is apparent. 

The application of this conception to the causalgia problem 
has been made with admirable clearness and at some length 
by Livingston (1943). He calls attention to Bard’s (1941) 
statement that “ ... we must attribute much to the activity 
of internuncial neurones. It insures constant stimulation by 
the continuous arrival of impulses. Internuncial bombard- 
ment... may produce either repetitive discharges in motor 
neurones ... or it may subject the motor neurones to rapidly 
repeated subliminal rises in excitability by impulses which 
are not dense enough to cause threshold excitation. The latter 
effect is important because it will facilitate any intercurrent 
stimulation.” In our experiments then, presumably the activ- 
ity of the internuncial pool resulting from stimulation of the 
cut sensory nerve is the background of nervous activity which 
undergoes facilitation from the intercurrent stimulation of 
rubbing or blowing on the leg. To quote Bard (1941) again, 
“It can scarcely be doubted that much of the readiness of 
different parts of the central nervous system to respond to in- 
coming impulses is maintained by continued activity in chains 
of iniernuncial neurones.” 
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Gasser (1937) states the case very strongly, “Ultimately, 
excitation in a pool of neurones is dependent upon everything 
which is taking place in the nervous system anywhere be- 
cause of the direct representation of this activity in the pop- 
ulation of endings in the pool.” The suggestion is strong that 
something is taking place in the nervous system of the causalgia 
patient which is helping to keep such a pool in a state of self- 
excitement and ready to explode into greater activity on the 
arrival of facilitating impulses. 

The impulses which are keeping the pool of pain going in 
the causalgia patient may be relatively slight. This is the 
basis of the “trigger point” conception of Livingston (1943). 
A point on the skin or elsewhere may be hyperalgesic in the 
sense that irritation of it will start a paroxysm. Excise it and 
the pain in certain cases ceases permanently. Sometimes in- 
filtration with novocaine once or several times is all that is 
necessary. The facilitating factor on which the self-excitation 
of the pool of pain depended has been removed and activity 
ceases, 

Unfortunately only a small percentage of causalgia cases 
are benefited by throwing the trigger point out of action. Any 
other of the successful treatments, however, can be looked 


upon as stopping a vicious circle of activity or preventing a 
self-reéxciting pool of internuncial neurones from continuing 


its activity. 

That the vicious circle involves activity of the sympathetic 
is pretty generally agreed upon and the trend at present is 
definitely toward the interruption of the sympathetic innerva- 
tion of the affected limb. Reports of success by this method 
come from the most widely separated sources. Wan (1943) 
in China, operating under most primitive conditions, reports 
success in a series of 20 cases. Doupe, Cullen and Chance 
[9++4), Allbritten and Maltby (1946), Haymaker and Wood 
hull (1945), Speigel and Milowski (1945), and many others 
report similar success, The Russian surgeon Zikeyev (1946) 
has an interesting treatment. He believes that better results are 
obtained following operation if the patient is kept asleep with 
narcotics for a few days, He postulates a vicious circle of pain 
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in the thalamus which must be thus quieted down. He employs 
only nerve resection. 

An interesting suggestion as to why sympathectomy cuts a 
vicious circle has recently been made by Doupe, Cullen and 
Chance (1944). They believe damaged pain fibers at or near 
the site of the injury are stimulated by efferent impulses along 
svmpathetic fibers. They base their belief on the observation 
of Katz and Schmitt (1942) that in crab nerve impulses in 
one nerve fiber alter the excitability of an adjacent fiber. It 
is interesting in this connection that within recent years electro- 
encephalographic investigation has shown that facilitation is 
present in the cerebral cortex (Adrian, 1938, Murphy and 
Gellhorn, 1945). 

These findings have been well summarized by Wright (1941). 
“If a cortical point is stimulated, there is a localized electrical 
response resembling that set up by a normal stream of afferent 
impulses. As the stimulus is repeated, the disturbance increases 
in intensity and spreads, because facilitation enables neurones 
to be activated which were not affected initially. The centrif- 
ugal wave of activity thus set up spreads till it may finally 
involve the entire cortex.” One may imagine the possibility 
that pain centers may show the phenomenon also, so that in 
the paroxysm of causalgia there may be a facilitation within 
the brain itself. causing a sort of “epileptoid” attack of pain. 

There appears to be a steadily growing conviction among 
thoughtful surgeons in this field that a psychoneurosis is not 
a necessary precursor for the causalgic state. Speigel and 
Milowski (1945), for example, in a careful study of 9 cases 
which they treated found that “In their behavior in the ward 
and previous behavior in combat, there was no evidence in 
any of the cases of a personality disorder.”” That severe pain 
of sufficiently long duration may of itself alter the personality 
is almost self-evident. Mitchel! (1872) emphasized this. 
“Under such torments the temper changes, the most amiable 
grow irritable, the soldier becomes a coward, and the strongest 
man is scarcely Jess nervous than the most hysterical girl.” 

Facilitation experiments show that enormous nervous effects 
may result from slight causes. To emphasize this and to warn 
against thinking that it cannot occur in connection with pain 
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in the normal human nervous system is largely the purpose 
of this paper. 
SUMMARY 


The flexion reflex in the spinal cat was elicited by shocks to 
the posterior tibial nerve and recorded by contraction of the 
tibialis anticus muscle. Shocks were given once in three 
seconds to cause near minimal contractions of the muscle. 
These minimal reflex contractions were enormously increased 
when certain simultaneous procedures are carried out, such 
as rubbing the fur of the foot or even blowing on it. 

It is suggested that this marked facilitation of a “pain” 
reflex in the cat may be paralleled by a similar facilitation in 
the spinal cord of the causalgia patient when some slight 
cutaneous stimulus is added to the constant stimulus from the 
injured area and that this facilitation may be the cause of the 
paroxysmal increase in his pain. It is also suggested that so 
far as it goes, this is an argument against the view that 
causalgia patients are invariably psychoneurotic. 
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FRESH WATER AND SEA WATER DROWNING: 
A STUDY OF THE TERMINAL CARDIAC 
AND BIOCHEMICAL EVENTS* 


H. G. Swann, MarsHauy Brucer, CornNELIA Moore 
AND Betty Lee VEzIEN 


Of the many European studies of drowning (reviewed by 
Cot, 1931), the French investigators in general agree that 
when submersion has not been so long as to vitiate observation, 
the victims are either white (“pale”) or cyanosed (‘bleu’) 
(Martin, 1932). In the “white” victims death is ascribed to 
“syncope,” with little or no water aspirated and little or no 
froth in the respiratory passages. In the cyanosed victims death 
is ascribed to obstructive asphyxia, much water being aspirated 
and much froth being found in the respiratory passages. Cot 
(1931) writes that 10-15 per cent of all victims of drowning 
are of the “white” type. 

The mechanism of death in drowning with cyanosis is still 
controversial. Although it has long been disputed (Moritz, 
1944), water has been clearly shown in the lungs of animals 
drowned in solutions containing such chemical tracers as 
dyes, bismuth salts or ferricyanide. These solutions are found 
to penetrate deep into the lungs during drowning, even to 
“complete inundation of all the alveoli” (Martin, 1932). Much 
water passes into the blood stream and dilutes the red cells, 
chlorides, etc. (Moritz, 1944). In sea water drowning, on the 
other hand, there is an increase in chlorides in the left heart 
which is ascribed to the diffusion of the concentrated sea water 
(3.6% salts) into the blood from the lungs. Martin (1932) 
feels that the aspirated water mechanically blocks the pul- 
monary circuit, making even more difficult the task of an 
already anoxic myocardium. But Cot (1931), calling attention 
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tion of the results obtained in a program of research into the efficacy of 
resuscitating procedures. The program is sponsored by the Air Materiel 
Command, Wright Field, Ohio, under Contract No. W 33-038 ac—14379. 
The coéperation of the Aero Medical Laboratory, Wright Field, is grate- 
fully acknowledged. Received for publication August 11, 1947. 
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to the high protein content of the fluid found in the lungs of 
the drowned victims, suggests that the aspirated water causes 
a fulminating pulmonary edema and that it is the edematous 
fluid which “drowns” the victim. 

Moritz (1944) has recently summarized the blood chemical 
changes that occur during drowning. In general terms, what- 
ever blood constituent is measured, after fresh water drowning 
left heart blood is found to be more dilute than right heart 
blood. Conversely, after sea water drowning, right heart blood 
is found to be more dilute than left heart blood. 

Banting and his associates (Banting, Hall, Janes, Leibel and 
Lougheed, 1938; Lougheed, Janes and Hall, 1939) studied 
some aspects of fresh water drowning comprehensively, em- 
ploying dogs in their experiments. They reported a rapid fall 
in arterial oxygen content, a rise followed by a fall, in 
arterial carbon dioxide, and the occurrence “sometimes” of 
ventricular fibrillation. They also reported that some animals 
“drowned” with little or no water in the lungs, a reflex closure 
of the glottis and complete apnea effectively preventing the 
aspiration of water while the animals were submerged. 


In this study we have reinvestigated the problem, attempt- 
ing in especial to obtain a detailed analysis of the cardiac and 
biochemical events during the actual process of drowning. 


MEeETHOoDs 


Healthy dogs of about 8 Kg. were employed in our experi- 
ments. Under local procain anesthesia both femoral arteries 
were exposed; one was cannulated for blood pressure meas- 
urement and the second cannulated with a Lindeman trans- 
fusion needle to obtain arterial blood samples. To measure 
venous pressure, a catheter (Balfour tubing,O.D. 7/6%*’) 
was inserted into a femoral vein; the tube was then pushed 
toward the heart until its tip lay in the inferior vena cava 
about 2 cm. above the diaphragm. At autopsy, the position of 
the tip was determined with precision. , 

The arterial blood pressure was recorded optically with a 
water-filled glass Bourdon tube as the pressure-sensitive ele- 
ment, of the kind described by Kubicek, Sedgwick and Visscher 
(1941). The Bourdon tube was connected to the cannula with 
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41 cm. of Tygon tubing. This system had a natural frequency 
of 64 vibrations per second; it recorded diastolic pressures equal 
to, but systolic pressures about 10 mm. Hg lower than, the 
pressures recorded while using connections of lead tubing 
rather than Tygon tubing. With large pulse pressures, the 
systolic error approached 20 mm. Hg. Systolic pressures re- 


ported in this paper, then, are low by 10-20 mm. Hg. 

Intrathoracic pressure, taken from a cannula which was 
inserted under local procain anesthesia, and venous pressure 
were also recorded optically with more sensitive glass Bourdon 
tubes. In this paper, the “effective venous pressure” is de- 
fined as follows: the pressure in the inferior vena cava minus 
(or plus, according to sign) the intrathoracic pressure. Both 
were measured at the end of diastole and during an expiratory 
movement when the intrathoracic pressure curve was rela- 
tively flat. 

Electrocardiograms and heart sounds were recorded inter- 
mittently throughout the experiments, using a Sanborn “‘Stetho- 
cardiette.” 

An 8-ml. arterial blood sample was drawn under oil every 
minute during the experiment. Potassium fluoride was then 
added as an anticoagulant. These whole blood samples were 
analyzed thus: 

Oxygen and carbon dioxide content of whole arterial blood, 
in duplicate, by the manometric method of Van Slyke and 
Neill (1924). 

pH with a glass electrode (“Electron-Ray pH Meter” of 
Cambridge Instrument Co.). 

Lactic acid of whole blood, by the method of Mendel and 
Goldscheider (1925): In our hands, this analysis was not satis- 
factory; the values reported here are correct only to the nearest 
60 mgm. per cent. 

Chloride of whole blood by the method of Whitehorn (1921). 


The densities of whole blood and of plasma by the falling 
drop method of Hamilton and Barbour (1926). From these 
were deduced, by employing the nomogram of Phillips et als. 
(1943), the plasma proteins and hemoglobin. Some hemo 
globin estimations were checked photocolorimetrically and 
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showed little variation from densiometric measures, even under 
extreme conditions of hemolysis, hemoconcentration and 
hemodilution. 

To accomplish the experimental drownings, a cone-shaped 
metal mask (described by Jackson, 1939, except that two 
rubber gaskets were used), was slipped over the dog’s muzzle 
and bandaged with rubber sheeting at the junction of head 
and mask. The water to be used in the drowning was con- 
tained in a reservoir at a height quickly adjustable so that the 
level of reservoir water was the same as that of the dog’s 
mouth. In this way, no water pressure was exerted upon 
the animal’s respiratory passages. At zero time, the mask was 
flooded with fresh or sea water from the reservoir. 


RESULTS 


A. Fresh Water Drowning. 


Complete data were obtained on five dogs during experi- 
mental drowning with fresh water. A few incomplete obser- 
vations were made on one more animal. Since, in general, 


TaB_e I 


Fresh Water Drowning—Dog No. 76 





Minutes 
4 





Arterial oxygen 

volumes % 21.0 8.5 3.8 2.8 2.5 
Arterial carbon di- 

oxide, volumes % 43.6 51.3 47.3 37.9 31.7 
Lactic acid, whole 

blood, mgm. %.... 80 70 65 89 89 
pH 7.45 7.37 7.37 7.27 7.16 


6.5 6.8 6.7 4.7 4.6 
18.8 18.2 9.7 rg 
Density of whole 
blood, gm./ml .... 1.0658 1.0626 1.0427 1.0362 
Chlorides. whole 
blood, mE/L 80 62 59 53 
Fibrillation at 
Pulse rate 34 34 56 3.42 
Arterial blood pres- 
sure mm. Hg 262/117 362/128 350/120 367/118 35 
Effective venous 
blood pressure, 
15 24 








Fresh Water and Sea Water Drowning 427 


the data follow a consistent course in this preliminary report, 
the observations on only one dog (No. 76) will be described 
in detail. These are shown in Table I, with a graph of the 


changes in figure 1A. 
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MINUTES MINUTES 
Ficure 1 
A. Fresh water drowning— B. Sea water drowning— 


Dog No. 76. Dog No. 82. 

1. Blood gases. During fresh water drowning, the arterial 
oxygen content dropped rapidly from 21.0 to 3.8 volumes per 
cent at two minutes after the start. The whole blood carbon 
dioxide content rose rapidly from its pre-drowning control 
value of 43.6 volumes per cent to 51.3 at one minute, and then 
slowly fell to 31.7 volumes per cent. 

2. pH. The pH fell rapidly to the terminal value, at cardiac 
arrest, of about 7.1. This increased acidity occurred although 
there was a concurrent fall in carbon dioxide content. No con- 
sistent increase in whole blood lactic acid was observed. 
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3. Hemodilution. The blood density, hemoglobin, plasma 
proteins and whole blood chlorides all decreased rapidly. In 
dog No. 76, hemodilution commenced at one minute after the 
start and continued for the next five minutes. Its magnitude 
can be appreciated from the change in whole blood density, 
which dropped from 1.0734 at zero minutes to 1.0335 at six 
minutes. A considerable hemolysis occurred terminally, the 
plasma at the sixth minute containing 2.8 gm. per cent hemo- 
globin. It is this hemolysis which was probably responsible for 
the terminal rise in plasma proteins. 

Hemodilution occurred in all five dogs; its course in each 
dog is shown in figure 2, employing whole blood density as 
the criterion of hemodilution. In dog No. 72, it was relatively 
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MINUTES 
Ficure 2 
Changes in blood density during drowning. 
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mild, but in the other four it was violent. In four of the dogs, 
it was delayed until the second to fifth minute, but in the 
other dog it appeared at the first minute. 

4. Heart. The systolic arterial blood pressure, but not the 
diastolic, rose rapidly and then levelled off. At this time the 
pulse rate was very slow. The ventricles fibrillated abruptly 
3.4 minutes after drowning started, at a time when the blood 
pressure was still well sustained. Electrocardiograms, blood 
pressure records and heart sounds all confirmed this abrupt 
event. Ventricular fibrillation took place in four of the six 
dogs which were drowned in fresh water; the time of its 
occurrence is shown for these four dogs in Table II. (In two 
dogs. including one not shown in the table, it did not occur.) 


Tasce II 


Data on Five Dogs Drowned in Fresh Water and Four Dogs 
Drowned in Sea Water 





Volume of 
Weight of Excess Water 
Time of Lungs of Normal Weight of  Diluting (+) 
Typeof Ventricu- Drowned Weight of Drowned or Removed 
Drown- lar Fibrilla- Dogs, Dogs’ Lungs, Dogs’ Lungs, from (—) 
ing tion, min. gms. zms.* gms. Blood 


F 
R . 378 +0.66 
E 
S nee 147 7 +0.12 
H 


238 +0.39 


+1.2 


+0). 37 


W 
A 
T 
E 
R 


343 
159 79 


136 a 280 184+ 





*Thesc figures were obtained from dogs killed by obstructive asphyxia. In each 
case, the lungs from a dog of the same body weight serve as controls. 
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5. Throughout the period of drowning, the effective venous 
pressure was high. At cardiac arrest it remained high (22 
cm. H,O), due probably to an increased blood volume (see 
below). 

6. At autopsy, just after death, the right heart was found 
to be grossly relaxed, but the left—both chambers—hard and 
empty. Large quantities of froth and fluid flowed spontane- 
ously from the nostrils. The lungs, particularly in their de- 
pendent parts, were hemorrhagic; they were soggy and tremen- 
dously enlarged, virtually filling the opened thoracic cage; 
they did not collapse spontaneously. A hemostat was clamped 
on the trachea and the lungs were then dissected free. They 
floated in water, as did the lungs of all the dogs in this series, 
The weight of the lungs was compared with that of similar 
dogs killed by obstructive asphyxia (Table II). The drowned 
dogs’ lungs were heavier by a considerable amount; indeed, 
the excess fluid they contained was equal to roughly one-half 
of the vital capacity of dogs of this weight (500-700 ml.). 


B. Sea Water Drowning. 

Complete data were obtained on four dogs during experi- 
mental drowning in sea water. A few incomplete observations 
were also made on a fifth animal. Again, in this preliminary 
report, the data from only one dog, typical of the group, will 
be presented (Table III and figure 1B, dog No. 82). 

The changes in blood gases and pH were like those observed 
in fresh water drowning, but blood lactic acid rose consider- 
ably. 

The most conspicuous difference in behavior between the two 
types of experimental drowning lay in the changes in the 
blood concentration; all indices indicated a strong hemocon- 
centration, the converse of the hemodilution observed in fresh 
water drowning. It occurred in all dogs tested, as shown in 
the measurements of whole blood density, and was rapid and 
violent (figure 2). 

In sea water drowning, none of the five animals tested had 
ventricular fibrillation. The blood pressure was lower and 
the pulse pressure, instead of being about 200 mm. Hg as in 
fresh water drowning, was about 100 mm. Hg at about the 
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second minute. The blood pressure fell to zero at about the 
ninth minute. The effective venous pressure was well sustained 
throughout, but at cardiac failure, it was close to zero, in con- 
trast with the high post mortem venous pressure observed in 
fresh water drowning. These several differences in the arterial 
and venous pressures between the two types of drowning may 
be ascribed to the postulated differences in blood volume (see 
below). 

At autopsy, the appearance of the lungs was similar to that 
observed in fresh water drowning. -In these dogs’ lungs, as in 
the lungs from dogs drowned in fresh water, large amounts of 
fluid were present. The actual weights and computed excess 
weights are shown in Table II. 


DiIscussION 


The movement of water into the blood stream in fresh water 
drowning has been studied by Brouardel and Vibert (1880) 
and by Karpovitch (1933). They showed that it occurred even 
though the esophagus had been previously tied off to prevent 
entrance of water into the blood by way of the gastrointestinal 
tract. Furthermore, it has long been known that the pulmonary 
epithelium has an enormous capacity for absorption (Colin, 
1873). Winternitz (1920) showed that dogs can absorb as 
much as 3000 ml. of saline from the lungs in 30 minutes. As 
Moritz points out (1944), the nature of the water movement 
will depend, among other things, upon the differences in os- 
motic pressure between intrapulmonic fluid and capillary blood. 
It seems clear that the flow of water into the blood in fresh 
water drowning is a matter of movement of aspirated hypo- 
tonic water into the isotonic blood, and that the flow of water 
from the blood into the lungs in sea water drowning is a matter 
of movement of isotonic blood water into the aspirated hyper- 
tonic intrapulmonic sea water. 

The rapidity of the flow of water into, or out of, the blood 
is shown by the rapidity of the changes in blood density. It 
is possible to deduce from these changes the quantity of water 
involved in the movement, thus: the amount of water necessary 
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to dilute the blood to the low densities observed in fresh water 
drowning may be estimated by formula (1): 


C, — Cu 
v= -, 
Cu — ] 


V equals the volume of water added to one volume of blood; 

C. equals the density of blood at zero time; and 

Cm equals blood density at maximal dilution. 
By this formula, the diluting volumes of the five dogs’ bloods 
were found to range from 0.12 to 1.2, as shown in Table II. 
In other words, each milliliter of the blood of dog No. 76 was 
diluted with 1.2 milliliters of water. The blood volume was 
presumably enormously increased. This phenomenon is due 
to the aspirated water and not to the accompanying obstruc- 
tive asphyxia, since in obstructive asphyxia, the maximal 
change in whole blood density observed in a series of five 
asphyxiated animals was from 1.0585 to 1.0540 (Swann, 1947). 

A similar computation was made for sea water drowning, 
employing formula (2): 
Cu—Ge 


v=———_ 


Cu —1 
Cm equals blood density at maximal concentration. 


The volumes of water removed from the blood of the four dogs 
are shown in Table II. In these dogs, therefore, from a quarter 
to a third of the fluid originally in the blood was lost over a 
period of four minutes; their blood volumes were probably 
markedly decreased. 

Besides these movements of water, other movements of 
molecules across the pulmonary epithelium have been sug- 
gested: Cot (1931) feels that drowning may be a matter of 
fulminating pulmonary edema, citing in evidence the reports 
that the drowned victim’s lung fluid is rich in protein. Further- 
more, still another movement is that of the salts in sea water; 
these evidently pass into the blood stream, for Jetter and 
Moritz (1943) found large quantities (15.3 mgm. %) of mag- 
nesium in the plasma of a dog drowned in sea water. 

In sea water drowning, in summary, there have been postu- 
lated three rapid movements of molecules across the pulmonary 
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epithelium: one, water from the blood stream into the intra- 
pulmonic spaces; two, protein from the blood stream into the 
intrapulmonic spaces; and three, salts from the intrapulmonic 
spaces into the blood stream. Two of these movements are in 
one direction, but the third is in the reverse direction. In fresh 
water drowning, two such movements are thought to take place, 
the two being in opposite directions: one, water into the blood 
from the lungs, and two, protein into the lungs from the blood. 
It is apparent that further analyses of these complex changes, 
especially with chemical tracers, is necessary before they can 
be fully understood. From our study it is apparent that the 
hemodilution or hemoconcentration is very rapid and of great 
magnitude in most dogs.’ In our series, all animals presumably 
aspirated fluid, whereas in the dogs investigated by Banting 
and associates (Banting et als., 1932; Lougheed et als., 1933), 
some animals (figures not given) died without water in the 
lungs. This recalls Cot’s statement (1931) that some human 
victims of “drowning’—10%-15%—aspirate no water but 
die of “syncope.” 

Ventricular fibrillation occurred in four of six dogs drowned 
experimentally in fresh water, but in none of five dogs drowned 
in sea water. Ventricular fibrillation is to all practical purposes 
an irreversibly fatal accident in and of itself (Weégria, 1944). 
Because of this, the hearts of the dogs which were drowned in 
fresh water failed, on the average, much sooner than those 
drowned in sea water. This suggests that the chances of suc- 
cessful resuscitation of dogs drowned in fresh water will, in 
future studies, be found to be far less than the chances of those 
drowned in sea water. 


1Thanks to the codperation of Dr. N. D. Schofield, Department of Path- 
ology, we have analyzed the blood of one man who was drowned. The 
victim fell into the sea at 7:08 a.m., his body was recovered at 8:50 a.M., 
and blood samples from the right and left ventricles were obtained at 
11:00 am. The density of the whole blood from the right ventricle was 
1.0811. Using formula (2) (see above), and assuming that his blood 
density before drowning was 1.060, this indicates that about 0.26 volume 
of water was removed from this victim’s blood, a change of the same 
order of magnitude as was found in our four dogs. The lungs of the 
victim were also full of fluid; they weighed 1,720 gms., or about 1,120 gms. 
more than the wet weight of the lungs of a man of like size dying from 
causes other than drowning. 
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Banting and associates (Banting et als., 1932; Lougheed 
et al., 1933) reported fibrillation occurring in (fresh water?) 
drowning, but present no figures. In our data there is a hint 
that fibrillation does not happen when the dog does not aspirate 
much water, since dog No. 72, with small hemodilution and a 
small amount of water in the lungs, did not have a ventricular 
fibrillation. This hypothesis awaits confirmatory data. Be- 
cause, however, of the frequency of fibrillation in our series, 
it seems probable that such an accident is not uncommon in 
fresh water drowning of humans. The cause of fibrillation in 
the dogs is being sought, with the hypothesis in mind that some 
ionic unbalance, a known cause for fibrillation (Garrey, 1924), 
is at its basis. 

Finally, these findings in experimental drowning in dogs 
must be applied with caution to drowning in men. Our data 
were obtained on animals which were not under general, but 
under local, anesthesia, -so from this viewpoint our data are 
not artificial. However, the animals could not swim, they were 
under restraint, they were not exhausted by swimming efforts, 
etc., and so should be considered to have been under artificial 
conditions in some respects. Since, however, the data dealing 
with the blood changes in human drownings (Moritz, 1944) 
are matched so very closely by our findings on dogs, we feel 
confident that the data herein reported can be carried over to 
drowning in humans with considerable confidence. 


SUMMARY 


Measurements of the terminal cardiac and biochemical 
events in dogs during experimental drowning have been made, 
including blood oxygen, carbon dioxide, lactic acid, pH, chlo- 
ride, hemoglobin, plasma protein, systolic and diastolic arterial 
pressure, venous pressure, heart rate, and electrocardiograms. 

The blood oxygen declines toward zero within three minutes 
after the start of drowning, but the carbon dioxide, after a 
transitory rise, falls to the normal range. The pH declines to 
about 7.1. In fresh water drowning, there is an abrupt and 
marked hemodilution, as indicated by rapid declines in the 
plasma protein, hemoglobin, chloride, etc. From 0.1 to 1.2 ml. 
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of water are estimated to dilute each ml. of blood. In sea 
water drowning, the converse—a strong hemoconcentration— 
occurs, with 0.3 ml. of water estimated to have been rapidly 
removed from each ml. of blood. 


In fresh water drowning ventricular fibrillation commonly 
occurs (four out of six dogs) after three to five minutes of 
submersion. Fibrillation was not observed in any of the five 
dogs drowned in sea water. During sea water drowning, the 
heart fails about nine minutes after submersion. 
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CLINICAL OBSERVATIONS ON VITAMIN A 
DEFICIENCY IN YOUNG DUCKS* 


R. H. Ricpon 


Nutritional studies in the duck are few when compared with 
similar ones in the chick. Purified rations for the duck and 
deficiency in niacin, pyridoxine, nicotinic acid, biotin, thiamin, 
chlorine and vitamin A have been studied recently by Hegsted 
and associates (1945), (1946). Pappenheimer and associates 
(1939) have observed the effect of vitamin E deficiency in 
these birds. 

During our observations (1946) on the effect of vitamin A 
deficiency on ducks infected with P. lophurae, it was observed 
that the birds fed the low vitamin A ration developed weak- 
ness, failed to gain in weight and died usually within a period 
of twenty-one days. The clinical observations on these birds 
are reported. 


MetHops AND MATERIALS 


The ducks were white Pekins obtained when one day of age 
from one commercial hatchery. They were kept in small 
groups in the laboratory. Food and water were available to 
them at all times. The standard rations were complete rations 
containing carotene and vitamin A. 

The composition of the vitamin A-deficient rations was as 
follows: 


*Department of Pathology, The University of Texas Medical Branch, 
Galveston. This work was aided by a grant from the John and Mary R. 
Markle Foundation. The vitamin A-deficient ration was supplied by the 
Ralston Purina Co., St. Louis, Mo. The vitamin A determinations on the 
livers were made by Nutrition Research Laboratories of the Ralston 
Purina Co., St. Louis, Mo. The experimental studies on which this paper 
is based were made at the School of Medicine, University of Arkansas, 
Little Rock, Arkansas. Received for publication September 15, 1947. 
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Vit. A-deficient Ration No. I Vit. A-deficient Ration No. II 





Mineral Salt : Mineralized Salt 
Riboflavin Concentrate (250) 1. Puriflave (250) 
Calcium Carbonate 2. Calcium Carbonate 
Soybean Oil Meal 4 Soybean Oil Meal 
Wheat Germ 4 Wheat Germ 
Fish Meal , Fish Meal (60%) 
Meat Scraps : Meat Scraps 
Brewer's Yeast ‘ Brewer’s Yeast 
Ground Wheat : Ground Wheat 
Ground White Corn i White Corn 
Ground Oats ’ Ground Oats 
Molasses " Molasses 

Dry Vit. D (100) 2 Dry D (2000 D) 





Vit. Mixture-mg per 100 g ration 





Thiamin 
Riboflavin 
Choline 
Folic Acid 
Niacin 





Following the completion of this study an analysis was made 
upon ration No. II and it showed: Moisture 26.46%; Ash 
7.77%; Carotene, non (ppm); Vitamin A U.S.P. units per 
gram, none; Thiamin 9.69 (ppm); Riboflavin 14.60 (ppm); 
Niacin 137.00 (ppm). 

Since the standard rations were commercial preparations 
the exact composition is not available for publication. These 
rations were fed as pellets while the vitamin A-deficient rations 
were fed as dry mash. 

The vitamin A used to supplement the rations was either 
“Anatola” (Parke Davis Co.) or “Alphalin” (Lilly). There 
were 33,333 units in the former and 25,000 units in the latter 
preparation. The contents of a capsule were dropped into the 
mouth of ducks younger than ten days of age while older 
birds were given the capsule by mouth. The vitamin A usually 
was given every day during the experiment. Some of the 
ducks were given 2 to 4 drops of cod liver oil (White’s con- 
centrated) daily by mouth. Each drop contained 3,120 U.S.P. 
units of vitamin A and 312 U.S.P. units of vitamin D. 

The vitamin used to supplement the rations was Lilly’s 
preparation of wheat germ oil containing approximately 2 
international units of vitamin E activity per gram. The 
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younger birds were given 3 drops of this vitamin by mouth 
every other day. Older birds were given 4 drops instead of 
3. Vitamins A and E were given on alternate days. 

The vitamin A content of the liver was determined on speci- 
mens from ducks sacrificed at varying ages. The tissue was 
removed immediately and was kept frozen until the tests were 
made. The antimony trichloride reaction was used. 

Experimental: Observations on Ducks Fed the Standard and 
the Vitamin A-Deficient Rations. Several hundred ducks have 
been fed the standard rations in our laboratory during the 
past three years. Only rarely has a bird died during this time. 
On the contrary, the mortality rate is very high in the group 
fed the deficiency rations. 

The first clinical abnormality observed in the ducks fed the 
Vitamin A-deficient Ration No. I was on approximately the 
fifth day. The down over the body appeared slightly ruffled. 
A few days later some of the birds began to show an increased 
lacramation and a white, creamy material was beginning to 
accumulate in their nostrils. The nostrils of many of the birds 
subsequently were completely occluded by this material and 
they breathed through their mouths. The ducks grew progres- 
sively weaker until it became necessary for them while stand- 
ing to put their tails on the bottom of the cage to obtain addi- 
tional support. When standing they would rock either from side 
to side or to and fro. The head and neck was moved frequently 
either to and fro or in a circular-like movement. When these 
symptoms were most marked the birds would eat very little. 
They were so weak 12 to 24 hours preceding death that they 
usually lay on their sides. When disturbed they would rapid- 
ly move their legs in an attempt to arise. The weight loss was 
marked during the last few days of life. However, it was only 
slightly less than that of the controls during the earlier part 
of the experiment. 

Observations on Effect of Vitamin A-Deficient Ratien Num- 
ber II on Young Ducks. The high mortality and the develop- 
ment of symptoms of weakness and neurological disturbances in 
all the ducks fed the Vitamin A-deficient Ration No. I was so 
marked that the experiment was repeated with a second prepa- 
ration of a Vitamin A-deficient Ration No. II. The ducks fed this 
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deficient ration showed similar symptoms and died at a time 
corresponding to that of the birds in the preceding experiment. 

In the first experiment 24 ducks were used, 12 of which 
were fed the Vitamin A-deficient Ration No. II and 12 were 
fed the standard rations. All the ducks fed the deficiency 
ration either died or were killed within a period of 30 days. 
The vitamin A content of the liver of these ducks is as follows: 


Aine 


Units of Vit. A 
Age in days No. ducks in expt. per g of liver 


7.3; 6.5; 6.4 
6.6; 2.4 

1.0; 1.1 

0.0; 0.0 

1.9; 11.0 








bo fo WD WD Ww 





This experiment was repeated using 24 ducks, 12 of which 
were fed the Vitamin A-deficient Ration No. II and 12 were 
fed the control rations. The following protocol shows the 
result of this experiment: 





=xperimental day Results of experiment 





2 ducks dead—fed deficient ration 





Five of the ducks fed the Vitamin A-deficient Ration No. II 
were killed and the vitamin A content of the liver is as follows: 





Units of Vit. A 
Experimental day No. ducks in expt. per g.of liver 





2.7; 0.0; 0.0 
11 control-fed standard 

WIN assrerevcscaracinciaitnas 3 6.7; 7.8; 5. 

3. 


ene ‘ ).( 





The above two experiments show that ducks fed the vitamin 
A-deficiency rations do not have any vitamin A in the liver 
when killed on either the 18th day of the experiment or there- 
after. 

Effect of Supplementing the Vitamin A-Deficient Rations 
with Cod Liver Oil, Vitamin A and Vitamin E. Each of 6 ducks 
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fed the Vitamin A-deficient Ration No. I showed definite neuro- 
logical symptoms as previously described by the 14th day of the 
experiment. These birds then were given daily 2-4 drops of a 
concentrated preparation of cod liver oil by mouth and were fed 
the standard rations. They show marked improvement in their 
general appearance in 48 hours. Their weight increased for a 
time more rapidly than that of ducks of equal age fed only 
the standard rations. The nasal obstruction gradually dis- 
appeared. Their weakness rapidly improved; however, the 
incodrdination of their movements while walking and eating 
persisted. They had difficulty in eating and drinking during 
the observation period of 8 to 10 weeks. After picking the 
food out of the tray they would throw their heads high into 
the air while closing their bills. A large number of pellets 
fell from their mouth during this time. The circular-like 
movements of the head and neck, first observed in these ducks 
at two weeks of age, persisted. Their movements while walking 
were poorly codrdinated. Sometimes they would extend a 
wing outward apparently for support. They would fall fre- 
quently when made to run about the floor. The weakness, 
failure to develop and the nasal secretion were alleviated by 
the effects of the cod liver oil; however, the neurological 
manifestations persisted. 

Twenty-five ducks were used in another experiment, 5 of 
which were fed the Vitamin A-deficient Ration No. II and 10 
were fed the standard rations. Five were fed this vitamin A- 
deficient ration supplemented with vitamin A while 5 were 
fed the vitamin A-deficient ration supplemented with vitamin 
E. The following is the average weight of these birds based 
upon the number of ducks shown in the bracket. 





Experimental Vit. A-deficient Vit. A-deficient Vit. A-deficient 





day ration ration plus A ration plus‘ Standard 
re 155(5) 196 (5) 180(5) 188(10) 
es 232(4) 438 (5) 324(4) 413(10) 
| DRE E ee: 660(5) 452(3) 731 (5) 
a sees 967 (5) 420(3) 1072(5) 
2 eae ee 1596 (5) 


WO aerciecomsmnibhas smncenins . oo) | (.) 1592(5) 
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Each of the 5 ducks fed the vitamin A-deficient ration was 
dead by the 19th experimental day and each of the 5 birds 
fed the vitamin A-deficient ration supplemented with vitamin 
E was dead by the 32d experimental day. 

The above experiment was repeated using 25 ducks. Five 
were fed the Vitamin A-deficient Ration No. II; 5 were fed 
the deficiency ration supplemented with vitamin A; 5 were 
fed the deficiency ration supplemented with vitamin E and 
5 were fed the deficiency ration supplemented with both 
vitamins A and E. The following is the average weight of these 
birds based upon the number of ducks in the bracket. 





Vit. A- 
Vit. A- Vit. A- deficient 
Experi- Vit. A- deficient deficient ration 
mental deficient ration ration ration plus 
day ration plus A plus E AandE Standard 





94(5) 83(5) 93 (5) 101 (5) 94(5) 
232 (5) 257 (5) 223 (5) 261 (5) 226 (5) 
235 (1) 694(5) 358 (3) 618(5) 648 (5) 

933 (5) 700(1) 829 (5) 890 (5) 





The 5 ducks fed the vitamin A-deficiency ration were dead 
by the 21st day of the experiment; 4 birds fed this deficient 
ration supplemented with vitamin E were dead by the 25th 
experimental day, while the 5th bird in this group was mori- 
bund on the 47th day and was killed. On the 32nd day of the 
experiment all the ducks fed the vitamin A-deficient rations 
supplemented with vitamin A and the group fed the vitamin 
A-deficiency ration supplementel with both vitamin A and 
vitamin E appeared normal. The 5 ducks fed the standard 
ration also appeared normal at this time. The experiment 
was discontinued on the 32d experimental day. 

The 34 ducks in this and the preceding experiment fed the 
vitamin A-deficient rations either died or were sacrificed. Each 
of those fed the deficient rations showed similar clinical mani- 
festations. The 10 ducks fed the vitamin A-deficient rations 
supplemented with vitamin E showed clinical manifestations 
similar to those that occurred in the birds given only the 
deficient ration and each of the birds died. The 10 ducks 
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fed the vitamin A-deficient ration supplemented with vita- 
min A appeared normal at the end of the experiment. 

The absence of clinical lesions and death in the group of 
ducks in which the vitamin deficiency rations were supple- 
mented with vitamin A would suggest that the absence of 
vitamin A was responsible for the development of the symp- 
toms of weakness and incodrdination. 

Young ducks fed the vitamin A-deficient ration and given 
vitamin E usually were a little longer in showing the clinical 
symptoms of weakness and incoérdination than birds given 
only the deficient ration. The vitamin A content of the liver 
of a group of these birds is as follows: 





No. in Age in Units of Vit. A 
group days Ration and vitamin per g liver 








: 2 Vit. A-deficient ration No. 
vit. E 

2 Vit. A-deficient ration No. 

ae, a” OE en cedars cp teat 
Standard rations plus vit. A................... 
Vit. A-deficient ration No. II ........ 
Standard ration 
Vit. A-deficient ration No. IT .................. 
Vit. A-deficient ration No. 





Discussion 


Young ducks fed rations deficient in vitamin A become 
weak, fail to gain, have a creamy secretion within their 
nostrils and develop an incoérdination of movements. The 
mortality rate is very high during the first 3 weeks of life. 
Roos and associates, 1946, also observed that ducks on a 
low vitamin A ration showed symptoms of the deficiency after 
8 days and almost all died within 4 days after the first appear- 
ance of symptoms. Young ducks fed rations deficient in 
nicotinic acid show a lack of growth, diarrhea and general 
weakness (Hegsted, 1946). Those on a low thiamin ration 
show weakness of the legs and difficulty in walking after 6 
days (Roos, Hegsted and Stare, 1946). Birds fed a ration 
without chlorine show a retardation of growth and weakness 
of the legs. These symptoms rapidly progress to typical perosis 
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Roos, Hegsted and Stare, 1946). Chronic pyridoxine defi- 
ciency produces a lack of growth, paralysis, convulsions, severe 
microcytic anemia and poor feather development (Hegsted 
and Roos, 1945). 

It is obvious that rations deficient in several different vita- 
mins may result in loss of weight, weakness and paralysis in 
voung ducks. It is of interest to note that in our Vitamin A- 
deficient Ration No. II thiamin, riboflavin, choline, folic 
acid and niacin were added to the ration. Furthermore, no 
clinical abnormalities were observed when the ducks were 
fed the vitamin A-deficient ration supplemented with large 
amounts of vitamin A. The neurological manifestations in 
vitamin A-deficient ducks may be prevented from progress- 
ing but they persist for an indefinite time when vitamin A is 
used to supplement the deficient ration. The irreversibility 
of such neurological lesions is to be expected. 

Some of the symptoms of pyridoxine deficiency in ducks 
2-3 weeks of age resemble those in ducks of similar age fed 
this vitamin A-deficient ration except the symptoms resulting 
from the vitamin A deficiency are constant and progressive 
while birds fed rations deficient in pyridoxine show severe 
symptoms one day and appear relatively normal a few hours 
or a day later (Hegsted and Roos, 1945). 

There is some variation in the amount of vitamin A in 
the liver of ducks kept under the same environmental condi- 
tions. However, it would seem from this study that the time 
of death of the ducks may be closely correlated with the dis- 
appearance of vitamin A from the liver. No attempt was 
made in this study to determine the minimal requirement of 
vitamin A for the ducks. 

Peterson and associates, 1945, reported a study of “heavy 
losses being sustained at a large duck farm . . . The losses oc- 
curred primarily as an increasingly severe embryo mortality 
in succeeding hatches followed by an abnormally high death 
rate in newly hatched ducklings.” The symptoms and high 
mortality as noted by Peterson in ducklings are similar to 
our observations. Little or no vitamin A or carotene was found 
in the liver of the affected ducklings. An analysis of their 
food showed it to be low in both carotene and vitamin A. 
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Observations at this time on young ducks would indicate 
that a deficiency of vitamin A results in a failure of normal 
growth, weakness, incoérdination of movements and a very 
high mortality. 


SUMMARY 


Young ducks fed rations deficient in vitamin A fail to gain 
weight, become weak and develop incoérdination of move- 
ments. Following the development of these symptoms the 
administration of vitamin A in large amounts results in a 
rapid gain in weight, their strength becomes normal, the 
incoérdination of movements persists; however, it does not 
progress. No abnormal symptoms occur in young ducks when 
the deficient ration is supplemented with vitamin A. The 
mortality rate is very high in young ducks fed a ration defi- 
cient in vitamin A. 
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THE 1947 MEDICAL CENTENNIALS 


This year, 1947, has been an unusual one for medical cen- 
tennials. One hundred years ago the American Medical As- 
sociation held its first meeting in Philadelphia. The New 
York Academy of Medicine was founded. Carl Ludwig (1816— 
1895) invented the kymograph which has been such a helpful 
instrument for the fundamental investigation of medical prob- 
lems. Rudolf Virchow (1821-1902), the great German path- 
ologist, founded the famous Archiv fiir Pathologische Anat- 
omie, which did so much to develop modern pathology. Ignaz 
Philipp Semmelweis (1818-1865) pioneered antiseptic prac- 
tices in obstetrics, recognizing puerperal fever as a septicemia. 
Frans Cornelius Donders (1818-1889) at Utrecht began his 
studies of thé eye muscles and the visual axes and accommoda- 
tion, thus establishing a scientific background for ophthalmol- 
ogy. Clinical ophthalmology resulted from the invention of the 
ophthalmoscope by Herman von Helmtoltz (1821-1894), who 
published his great essay Ueber die Erhaltung der Kraft in 
1847, establishing the first law of thermodynamics as a gen- 
eralization. Also, one hundred years ago, James Young Simp- 
son (1811-1870) of Edinburgh, by introducing chloroform as 
an alternative to ether, stimulated the systematic study of 
anesthesia and pain relief. 

All of these important contributions in medicine of one 
hundred years ago deserve extended comment. Most of these 
significant new developments were inaugurated by young men. 
It was a stimulating era. It was basically one of depression 
when individuals had to show ingenuity and initiative. It was 
also an era of expansion, during which occurred much of the 
opening of the last American frontier. Under the stimulus of 
adversity many important contributions developed. 


Tue AMERICAN MEpIcAL AssocIATION 


The rapid growth of the United States had resulted in urgent 
need for doctors. Medical schools had developed in mushroom 
growth in many parts of the country. Transportation was 
inadequate for centralization of medical centers, and physicians 
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in many of the small outlying communities dared to teach 
medicine and to organize a medical school. Many of these 
schools were wholly unsatisfactory. Training was unfortu- 
nately commercialized, and consisted usually of two or three 
series of lectures running from November to April. There was 
also serious confusion in the profession due to a high degree 
of competition, particularly with unqualified and incompe- 
tent physicians. Under these circumstances it was openly 
challenging that some effort be made to improve the standards 
of medical education and of medical practice. 

These conditions had led thoughtful American physicians 
to try to arrange some sort of an organization to maintain 
standards of teaching and practice. Samuel Brown, M.D. 
(1769-1830) of Lexington, Kentucky, thought that the answer 
would be a fraternity of the better physicians of the country. 
Accordingly he organized the Kappa Lamba Society of Aescula- 
pilus somewhere around 1820. It had powerful chapters in 
Philadelphia, New York and other leading cities. It devised 
a code of ethics, based on the famous code published in 1803 
by the English physician, Thomas Percival (1740-1804). 
However. political disturbances disrupted this Society in the 
1830's, and it disappeared. Meanwhile, the situation regard- 
ing medical education and medical practice had worsened. 
The same factors which had contributed to the development 
of the Kappa Lamba Society of Aesculapius persisted and led 
inevitably to the development of the American Medical Asso- 
ciation. 

Various attempts were made to improve the standards of 
medical education in America. In 1835, the faculty of the 
Medical College of Georgia suggested that a convention be 
held with representatives from all the medical colleges in the 
country to discuss the matter. While there seemed to be favor- 
_ able response to this suggestion, the meeting was never held 

because the older and more influential schools in Boston, New 
York, and Philadelphia were indifferent. In 1839 the Med- 
ical Society of the State of New York proposed a convention 
of delegates from medical colleges and from medical societies 
throughout the country to consider the problem of improving 
medical education. Doctor John McCall of Utica, New York. 
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proposed a resolution that such a convention be held in 1840 
in the city of Philadelphia. The resolution was adopted, and 
the Society attempted to arrange for the meeting. None of 
the schools or societies responded to the invitation, and con- 
sequently the meeting was not held. 

The problem of improving medical education continued to 
be debated, however, and in 1844 at the annual meeting of 
the New York State Medical Society, resolutions were intro 
duced by Doctor N. S. Davis, a new delegate from Bing 
hamton, condemning the low standards of medical educa 
tin and calling upon medical schools to enlarge the courses of 
instruction. These resolutions were referred to a committee 
of which Davis was made chairman. His enthusiasm and 
active interest resulted in arousing much discussion on the 
matter im the county societies of the State, and he received 
considerable support. At the next meeting in February, 1845. 
Davis’s committee reported the approval of the county so 
cieties and recommended the implementation of the original 
resolution. There was long and protracted discussion with 
sme opposition. The delegates at the State Medical Society 
meeting could not agree on any way by which the medical 
school courses of instruction could be lengthened or improved 

At that time. the common course of medical training was a 
year’s study in the office of a practitioner of medicine. who 
might serve as a preceptor. On the preceptor’s recommenda 
tion a medical student might be accepted at one of the near-by 
medical schools. These were being established rapidly in all 
communities all over the country. Their number had doubled 
between 1830 and 1845. The course of instruction was com 
monly sixteen weeks, for two years. In order to increase 
revenues, some of the schools shortened the courses to twelve 
weeks. Students paid tuition fees to the doctors who served 
as instructors. Since there was no licensing system, the grant 
ing of the M.D. degree by the college was equivalent to a license 
to practice. The unfortunate result of this procedure was that 
many unqualified and unscrupulous young men were turned 
out to practice medicine with unsatisfactory training and 
preparation. These conditions were debated vigorously in the 
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1845 meeting of the New York State Medical Society, but 
no way could be agreed upon as appropriate to correct the 
condition. Doctor Alden March of Albany suggested to Doctor 
Davis that the difficulty might be obviated by suggesting a 
convention of delegates from colleges, so that they might all 
act together. Accordingly, Davis again proposed a resolution 
for a national convention of delegates from medical societies 
and colleges in the United States “to convene in the city of 
New York on the first Tuesday of May in the year 1846,” 
This resolution was adopted and Davis was again named as 
chairman of a committee to put it into effect. 

It was clearly the persistence and organizational genus of 
Nathan Smith Davis which was responsible for the American 
Medical Association. In his historical account of the American 
Medical Association, which first appeared in the Journal of the 
American Medical Association, Doctor Morris Fishbein raises 
the question as to what brought about the founding of a 
national medical society. He answers his question: “The 
persistence and courage and initiative of Doctor N. S. Davis 
were the essential factors” (JAMA 132: 637, Nov. 16, 1946). 

Following the 1845 meeting of the Medical Society of the 
State of New York, Nathan Smith Davis wrote vigorously to 
all medical schools and societies in the United States urging 
the appointment of delegates to a national convention. He was 
well supported by the many medical periodicals which were 
published in various parts of the country. The schools and 
medical societies responded favorably with the exception of 
the colleges in Philadelphia and Boston. Doctor Davis was 
ably supported by Luther Ticknor, President of the Medical 
Society of the State of Connecticut. Both were insistent in 
emphasizing the need for improvement in medical education, 
including higher standards of preliminary training and quality 
of teaching and practice. 

With strong rivalry between the schools and the cities in 
which they were located, and with general suspicion among 
the members of the profession with regard to the motive 
behind the proposal for a national medical organization, there 
was bound to be opposition. Martyn Paine, Professor of Med- 
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icine at New York University, delivered a graduation address 
entitled “A Defense of the Medical Profession of the United 
States.” and circulated it widely. This was a bitter pamphlet. 
written with all the elaborate sarcasm of the period. The 
State Medical Society was accused of playing politics, and 
Nathan Smith Davis was severely criticized. Much to Davis's 
surprise, however, as he later admits, this pamphlet had the 
effect of persuading the Philadelphia physicians that there 
were no grounds for suspicion of their New York colleagues, 
and they withdrew their previous rejection of the invitation 
to come to New York on the basis that “the very singular 
address of Professor Paine” showed that the “convention was 
not designed particularly to benefit the medical schools in the 
city of New York.” 

On Tuesday, May 5, 1846, the delegates and members of 
the medical profession from the different medical schools 
and societies in the United States assembled as the guests of 
the Medical Department of New York University. One hundred 
and nineteen delegates had sent credentials, and eighty were 
in attendance. The medical societies and colleges from six- 
teen states were represented. 

Under the temporary chairmanship of Edward Delafield of 
New York, the recommendations of the nominating committee 
were adopted, with the result that Jonathan Knight of Yale 
Medical College, New Haven, was chosen President, Edward 
Delafield of New York City as Vice-President, and Alfred 
Stillé of Philadelphia as Secretary. 

Immediately, however, a sour note arose. As soon as these 
officers had been properly elected, and as soon as they had 
taken their places. Doctor G. S. Bedford, a colleague of Pro- 
fessor Martyn Paine at New York University, offered a reso- 
lution to the effect that the convention had failed in representa- 
tion from half the country and from a majority of the medical 
colleges and that therefore it adjourn at once. This astonishing 
proposal was immediately seconded, and there was a long 
surprised silence. When the vote was taken, Doctor Bedford 
and his associate, Doctor G. S. Pattison voted yes and the 
rest voted no. 
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This amazing action naturally produced resentment, and 
motions were immediately made to move the convention to 
some other meeting place. Apologies were offered by Bedford 
and Pattison, and the excitement subsided. 

Nathan Smith Davis was then appointed chairman of a 
committee of nine to make specific proposals regarding the 
matter of medical education and to report on the following 
day. The committee proposed: (1) “that it is expedient for 
the medical profession of the United States to institute a 
national medical association; (2) that it is desirable that a 
uniform and elevated standard of requirements for the de- 
gree of M.D. should be adopted by all the medical schools in 
the United States; (3) that it is desirable that young men, 
before being received as students of medicine, should have 
acquired a suitable preliminary education; and (4) that it 
is expedient that the medical profession of the United States 
be governed by the same code of medical ethics.” 

The committee also recommended the appointment of a 
special committee of seven “to prepare and issue an address 
to the different regularly organized medical societies and 
chartered medical schools of the United States, setting forth 
the objects of the National Medical Association, and inviting 
them to send delegates to the convention to be held in Phila- 
delphia in May, 1847.” These proposals were adopted and 
Davis had the satisfaction of finding his work approved and 
himself in the responsible position of putting his ideas into 
effect. 

There was considerable discussion at the 1846 meeting in 
New York on a further proposal of Doctor Davis to divorce 
the business of teaching and licensing. Davis vigorously pro- 
tested the abuse of licensing by medical faculties and called 
for licensing by a separate board. This matter was finally 
referred to another committee for study and with instructions 
to report at the Philadelphia meeting in 1847. John H. Griscom 
succeeded in having a motion adopted for the appointment of 
committees to report on efficient measures for a national reg- 
istration of births, marriages, and deaths, and toward the 
establishment of a uniform nomenclature of disease. 
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The significant achievements of the New York meeting were 
a great stimulus to Davis. While he deplored the absence of 
such leading American medical men as John Collins Warren, 
Nathanial Chapman, and Daniel Drake, he nevertheless suc- 
ceeded later in obtaining their interest and backing. Through 
the summer and fall of 1846 and in the winter of 1847, Davis 
traveled and wrote vigorously in behalf of the Philadelphia 
meeting to organize a national medical association. He moved 
to New York City, and in spite of his consuming interest in 
this problem, succeeded in developing a considerable practice. 


Davis had been born on January 9, 1817, of pioneering 
settlers in Chenango County, New York. He was the youngest 
of seven children, and lived his childhood in a log cabin, with- 
out schooling and at severe labor. His mother died when he 
was seven years old. He had an active, nervous temperament, 
was accustomed to hard work, and apparently was extremely 
serious. His first formal schooling began when he was sixteen 
and in 1834 he began the study of medicine in the office of 
Doctor Daniel Clark. Attending a course of lectures at the 
College of Physicians and Surgeons of the western district of 
New York, he graduated in 1837, with a thesis on “Animal 
Temperature.” After beginning his medical practice in Bing- 
hamton, he gave instruction in anatomy to apprentices in his 
office, lectured at the Binghamton Academy, and took an ac- 
tive part in civic and community affairs. His activities in 
behalf of a national medical society resulted in his election to 
the professorship of pathology at the newly organized Rush 
Medical College in Chicago in July, 1849. 

Nathan Smith Davis continued his interest in medical edu- 
cation throughout his life. He continued to take an active part 
in the growth of the new national society, and in 1855 wrote 
its first history. This was offered as a series of anonymous 
sketches to the Medical Journal of New Jersey, but it was later 
issued in book form with acknowledgment of his authorship. 
The American Medical Association honored its founder some- 
what belatedly, by electing him its president during the two 
bitter war years of 1864 and 1865. 





The 1947 Medical Centennials 


NATHAN SMITH DAVIS (1817-1904) 
Founder of the American Medical Association. 1847 


From his History of the A.M.A., 1855 
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In 1876 Davis wrote an important account of the develop- 
ment of medical education in the United States from 1776 
through the first century of the nation’s growth. This was 
a natural sequence to the report by Doctor J. M. Toner of 
Washington on medicine in the American colonies to 1776. 
Both of these important documents were published under the 
auspices of the Bureau of Education of the Department of 
Interior of the United State Government. In 1883 Doctor 
Davis issued the first number of the Journal of the American 
Medical Association. He was its first editor and continued in 
editorial control until 1889. 

In Chicago Davis was active in all civic and community 
affairs. He helped found Northwestern University, The Chi- 
cago Historical Society, and The Union College of Law. He 
had the arduous responsibility of being Secretary-General of 
the Ninth International Medical Congress which met in 
Washington in 1887. Although he had a stroke in 1886, he 
recovered sufficiently to undertake his duties at the Congress. 
In 1903 he published his “History of Medicine” (Cleveland 


Press, Chicago, 1903, 209 pp.). Nathan Smith Davis died in 
1904. 


Nathan Smith Davis was an organizer. He was austere, 
perhaps over serious, and neither diplomatic nor politic. It 
was probably for these reasons that few honors came to him. 
He might indeed have grimly refused those which may have 
been in all sincerity offered to him. 

Delegates to the national medical convention met on May 
3, 1847 in the Philadelphia Academy of Natural Sciences. 
Isaac Hays acted as temporary chairman and proposed Jon- 
athan Knight of Yale Medical College, New Haven, Con- 
necticut as chairman. Knight was elected President, Alexander 
H. Stephens of New York and George B. Wood of Penn- 
sylvania as Vice-Presidents, and Alfred Stillé of Pennsylvania 
as Secretary. Promptly attempts were made to obtain places 
in the convention for medical gentlemen present from states 
not represented. These efforts to stack the meeting were de- 
feated. The reports from the committees authorized at the 
New York meeting in 1846 provoked much argument. There 
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was a thorough discussion of the proposed requirements for 
the M.D. degree, and for the requisite preliminary education 
for medical training. A committee was appointed to prepare 
a code of medical ethics. There was vigorous debate on a reso- 
lution to divorce the functions of teaching and licensing. 

The most important action of the convention was the organ- 
ization of a permanent medical association. It was decided 
that “this Institution shall be known and distinguished by the 
name and title of the American Medical Association.” The 
constitution committee was appointed and devised an instru- 
ment operating on the principle of representation from med- 
ical societies and institutions. Committees were provided on 
the medical sciences. On the adoption of the constitution, the 
convention resolved itself into the American Medical Associa- 
tion. Nathanial Chapman of Pennsylvania was elected Presi- 
dent for the following year. And so the American Medical 
Association came into being a century ago and has continued 
since in promoting better standards of medical education and 
of medical ethics. 

A comprehensive History of the American Medical Asso- 
ciation (1847-1947) has been prepared by Morris Fishbein 
(Saunders, Philadelphia, 1947, 1242 pp.). This includes an 
account of the founding of the organization and an extensive 
discussion of its progress. An interesting study in professional 
contrasts between “The American Physician in 1846 and in 
1946” has been prepared by Richard Shryock (J.A.M.A. 134: 
417-424, May 31, 1947). 


James Younc Simpson (1811-1870) ann CHLOROFORM 


Anesthetists all over the world are interested this year in 
observing the centennial of the introduction of chloroform 
anesthesia by James Young Simpson (1811-1870) in Novem- 
ber, 1847. This is a continuance of the centennial interest in 
anesthesia, which began five years ago with observances in 
honor of Crawford W. Long (1815-1878) and his first use of 
ether in anesthesia in 1842. These centennial interests were 
continued three years ago in honor of Horace Wells (1815- 
1848) and his first use of nitrous oxide for anesthesia in 1844. 
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The centennial celebrations in anesthesia reached a climax in 
October, 1946, with ceremonies in honor of the dramatic 
demonstration of ether anesthesia in the Massachusetts Gen- 
eral Hospital by William T. G. Morton (1819-1868) on 
October 16, 1846. 

The ether demonstration produced extended and often bitter 
controversy among surgeons and medical writers. There were 
many objections to ether, particularly with respect to the slow- 
ness of its action. It had already been used as early as January. 
1847, by James Young Simpson, in Edinburgh, who had just 
been made Professor of Midwifery, by the narrow margin of 
one vote. Simpson was quite dissatisfied with ether in child- 
birth. It acts too slowly. He undertook a systematic search of 
volatile chemical agents in the effort to try to find something 
more powerful and prompt in action than ether. 

A vivid description of Simpson’s experiments, with his 
friends, in the first floor dining room of his home at 52 Queen 
Street, Edinburgh, is offered by H. L. Gordon (Sir James Young 
Simpson and Chloroform (1811-1870), London, Unwin, 1897, 
245 pp.). Chloroform had been suggested to Simpson by his 
chemist friend, David Waldie. It had already been studied 
experimentally by the French physiologist, M. J. P. Flourens 
(1794-1867). Chloroform had been independently prepared 
and described in 1831 by Samuel Guthrie (1782-1848), Justus 
von Liebig (1802-1873), and Eugene Soubeiran. Guthrie had 
noted its stupefying properties. Simpson’s experiments with 
chloroform were first made on November 4, 1847. By No- 
vember 10th he reported to the Medico-Chirurgical Society of 
Edinburgh on its clinical use in surgery and obstetrics, and on 
November 12 his first publication on chloroform appeared 
(Account of a New Anesthetic Agent as a Substitute for Sul- 
phuric Ether, Edinburgh, Southerland and Knox, 1847, 23 pp.). 
This was reprinted on November 15 with a postscript that he 
had already used chloroform on some fifty persons without the 
slightest ill effect. This tract was reprinted frequently, and 
issued in the United States by Rushton, Clark and Company 
of New York in January, 1848. 
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Bronze statue in Edinburgh of James Young Simpson (1811-1870), 
who introduced chloroform anesthesia, November, 1847 
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Simpson’s introduction of choloroform was attended with 
much controversy and debate. It is clear that this vigorous 
discussion had a great deal to do with its steadily increasing 
use. The discussion of the relative merits of ether and chloro- 
form compelled systematic scientific investigations of their 
properties, and resulted in the establishment of the specialty 
of anesthesia. English scientists first undertook the systematic 
scientific study of the relative merits of various anesthetic 
agents. This study was made by Thomas Nunnely (1809- 
1870), John Snow (1813-1858), and Benjamin Ward Richard- 
son (1828-1896). These men established the scientific prin- 
ciples of anesthesia, thus giving the lead in anesthesia develop- 
ment in England. The pioneer Americans had meanwhile 
dissipated their energy in fruitless controversy among them- 
selves over rival claims for priority and fame. 


Ienaz Puitipp SEMMELWEIS (1818-1865) AND PuERPERAL 
FEVER 


On February 13, 1843, Oliver Wendell Holmes (1809-1894) 
read a report “On the Contagiousness of Puerperal Fever” to 
the Boston Society for Medical Improvement (New Eng. Quart. 
J. Med., 1:503-530, 1843). In this remarkable contribution 
Holmes stated that women in child-bed should never be 
handled by physicians who have been attending postmortem 
examinations or cases of puerperal fever. He stated that puer- 
peral fever may be transmitted from one patient to another by 
the doctor, and that erysipelas may also be transmitted in this 
way. He advised that careful washing of the hands might 
help prevent the transmission of the disease. This essay stirred 
up violent opposition and in 1855, Holmes repeated his charges. 
referring to the work of Semmelweis. It was the latter who 
really demonstrated in 1847 the contagiousness of puerperal 
fever, who thus brought recognition of the importance of 
cleanliness on the part of obstetricians. 

Semmelweis was an Hungarian pupil of Skoda’s who became 
an assistant in the obstetric ward of the Allgemeines Kranken- 
haus in Vienna. This ward was notorious for its high mor- 
tality rate. Semmelweis noted that students came into it 
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Demonstrator of the contagiousness of puerperal fever, 1847 


—From V. Robinson 
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directly from the dissecting room with uncleaned hands. 
Semmelweis undertook a careful postmortem study of the fatal 
puerperal cases. He noted that one of the pathologists who 
had died of a dissecting wound presented the same appearances 
as a case of fatal puerpera. Immediately he introduced the 
simple expedient of requiring all attendants in the obstetric 
ward to wash their hands in a chloride solution before coming 
in contact with the patients. The mortality rate sank from 
9.9 to 1.2 per cent within a very short time. 

Nevertheless, Semmelweis met with bitter opposition from 
the orthodox obstetricians. His instructor and friend, Skoda. 
stayed by him. In disgust, however, he left Vienna for Buda- 
pest where he became Professor of Obstetrics in 1855, later 
publishing a full treatise on puerperal fever. He could not 
stand violent controversy, however, and continued to brood 
over the injustices to him. This brought on insanity and 
death. 

It was Simpson’s brilliant work in pain relief in obstetrics, 
and Semmelweis’ recognition of puerperal fever as a blood 
poisoning, which established modern obstetrics a century ago. 
Following the stimulus of Simpson and Semmelweis, great ad- 
vances were made and have continued. 


Rupo.iFr VircHow (1821-1902) 


Rudolf Virchow’s influence in modern medicine is profound. 
He had been inspired by the great physiologist, Johannes 
Muller (1801-1858), who was one of the greatest teachers in 
medicine in the 19th century. Virchow was a vigorous liberal 
leader who had difficulty maintaining his position because of 
his strong political opinions. At Berlin, he became a member 
of the faculty in 1846, and had already observed and defined 
leukocytosis and leukemia, as well as developing the doctrine 
of embolisin. In 1847 he founded one of the most important 
of medical periodicals, the famous Virchow’s Archiv fiir Path- 
ologische Anatomie. His first contribution was to attack un- 
proved hypotheses and to condemn the infallibility of any one 
man. This established the tone of the periodical. It has since 
remained one of the strongest influences for scientific med- 
icine in the century which has followed. 
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Virchow’s political difficulties lost him his academic position 
in 1849, but he was asked to return as Professor of Pathology 
to the University of Berlin in 1856. His outstanding contribu- 
tion of course, was the establishment of pathology on a cellular 
basis (1858). He insisted that disease is merely a modification 
of the ordinary physiology of the cells. This work was later 
extended to an exhaustive study on tumors. 

Virchow was an important contributor to anthropology and 
also to the history of medicine. He was a clinician of note and 
first described a number of diseases caused by parasites. 

During all of his career, Virchow engaged in controversy. 
He even opposed the Darwinian theory. Nevertheless, he was 
generous, and at times even sentimental toward his scientific 
colleagues. He was a fearless civic leader, and unfortunately 
overpatriotic. His founding of the great periodical devoted to 
pathology, one kundred years ago, was a major event in 
establishing modern medicine. It set the standard for the great 
group of German medical journals which did so much to estab- 
lish a firm scientific basis for modern medicine. The journal 


continues its publication now, even after the terrible shellacing 
which Berlin received in World War II. Virchow’s Archiv 
worthily keeps alive a memorable and courageous worker. 


HerRMAN von HELMHOLTz (1821-1894) 


One of Virchow’s early associates in Berlin was Herman 
von Helmholtz of Potsdam. He was being trained to take a 
position as a surgeon in the Prussian army. He received his 
degree in 1842, with a thesis on the origin of nerve cells in the 
ganglia of leeches. While he was in the army in Potsdam. 
there appeared his famous study “Ueber die Erhaltung der 
Kraft” (1847). In this he showed that all forms of energy, 
such as heat, chemical phenomena, light, and electricity, are 
capable of being transformed one to the other, but that they 
are indestructible and cannot appear from nothing. This sig- 
nificant demonstration of the universality of what is now 
called the first law of thermodynamics, established Helmholtz’s 
reputation in later years, although at the first it was appre- 
ciated only by a few mathematicians. 
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Formulator of the principle of the conservation of energy, 1847 


—From M’ Kendrick 
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Helmholtz’s demonstration of the conservation of energy 
may be said fairly to have inaugurated the modern era of 
physics, leading to the atomic age. In 1850, Clausius and 
Kelvin established the second law of thermodynamics, demon- 
strating that energy in all its phases is continually tending to 
flow from states of concentration to a more generalized dissipa- 
tion. This principle of the increase of entropy was applied to 
all physical and chemical phenomena by one of Helmholtz’s 
pupils, the famous Yale mathematician, Willard Gibbs (1839- 
1903). It was from these studies that the general development 
began of the wave theory of electro-magnetism, leading: to 
Planck’s quantum theory, and thus to the general field theories 
of Einstein, which demonstrated the identity of matter and 
energy. This led inevitably to the Manhatten project and 
Hiroshima, and it now poses for us one of the most serious 
problems which humanity has ever faced. Helmholtz’s little 
essay of a century ago really started something! 

Helmholtz’s influence on medicine was profound. He meas- 
ured the velocity of the nerve impulse in 1850, and the year 
following invented the ophthalmoscope. This invention made 
it possible for ophthalmology to develop as a great clinical 
discipline. He then invented the ophthalmometer with which 
he could determine the optical constants and explain the me- 
chanism of accommodation. His Handbook of Physiological 
Optics (1856) is a permanent classic, as is his great study of 
acoustics and music (Tonempfindungen 1863). 

Helmholtz had been appointed Professor of Physiology and 
Pathology at Koenigsberg, later occupying the chair of Physi- 
ology at Bonn and Heidelberg, and then becoming Professor of 
Physics at Berlin in 1871. He made fundamental contribu- 
tions to electrodynamics, and first expressed the opinion that 
the atoms of chemistry are in their fundamental structure 
electric. He introduced the concept of “free energy,” and it 
was in his laboratory that Hertz discovered electromagnetic 
waves which led to radio. Nevertheless, Helmholtz never for- 
got that he was a physician. He was a great and dignified 
thinker, and won deep respect throughout the world for his 
brilliant leadership. 





The 1947 Medical Centennials 


L’ENvo1 


A century ago the world was in the midst of a depression, 
but with vigor and determination, men were pushing toward 
new frontiers in every manner. With Helmholtz’s leadership 
there was established the beginning of the modern atomic era. 
With Semmelweis’ genius, there was inaugurated the antiseptic 
control of disease. With Simpson’s stimulus, there was begun 
the systematic study of pain relief. With Virchow’s Archiv 
there was established the continuing medium for the collection 
of the most important knowledge regarding disease, its causes 
and its characteristics. In the organization of the American 
Medical Association there was the first large scale effort to 
standardize medical education and practice. We have achieved 
great success in improving medical education. We still have 
a long way to go to make medical practice what it should be. 
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With the death of Albert O. Singleton on June 12. 1947. 
Texas medicine lost one of its most influential and respected 
leaders. As the outstanding surgeon in the area, Doctor Sin- 
gleton was largely responsible for the development and main- 
tenance of a high standard of surgical skill and practice 
throughout the Southwest. With Doctor Singleton’s passing. 
Texas lost a great civic leader devoted to the highest standards 
of gentlemanly conduct and education, and one who was en- 
thusiastic in his support of progressive cultural effort. 

Albert Olin Singleton was born in Ellis County, Texas, on 
July 16, 1882. He was a vigorous student at The University of 
Texas, and won his ““T” in baseball, After the award of his 
Bachelor’s Degree from The University of Texas in 1905, he 
came to Galveston to study medicine at the Medical Branch. 
The M.D. degree was granted to him in 1910. Shortly after 
his appointment as Instructor in Surgery at The University 
of Texas Medical Branch in 1911, Doctor Singleton married 
Will Dean Bevins of Corsicana, Texas. Doctor Singleton’s 
two sons, Albert Olin Singleton, Jr., and Edward B. Singleton. 
have followed in his footsteps in the study of medicine, and 
are carrying forward his productive contributions. 

When Doctor Singleton was made Adjunct Professor ef 
Surgery at The University of Texas Medical Branch in 1914, 
he began that intensive training in surgery which resulted 
from his conviction that special preparation is essential for 
the skill demanded of modern surgeons. His devotion to spe 
cialty training in surgery was rewarded by his appointment 
as Associate Professor in Surgery at The University of Texas 
Medical Branch in 1920. Receiving his inspiration from James 
Edwin Thompson (1863-1927), who had come from England 
to be the first Professor of Surgery at The University of Texas 
Medical Branch, Doctor Singleton undertook special surgical 
research, and published a number of significant contributions 
in association with Doctor Thompson. Upon Doctor Thomp- 
son’s death in 1927, Doctor Singleton was appointed Professor 
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of Surgery and Chairman of the Department at the Medical 
Branch and at once embarked on a broad program of post- 
graduate education in the surgical specialties. 

Doctor Singleton inaugurated at The University of Texas 
Medical Branch in Galveston the first special postgraduate 
training program for specialty certification in Texas. He him- 
self led the way by becoming a member of the Founder's 
Group of the American Board of Surgery. During the period 
of Doctor Singleton’s chairmanship of the Department of Sur- 
gery at The University of Texas Medical Branch, he organized 
sub-specialties in orthopedic surgery, genito-urinary surgery. 
neuro-surgery, plastic and maxillofacial surgery, and thoracic 
surgery. He was recognized as an authority in many of these 
fields. 

Doctor Singleton’s personal interests in surgery included 
special studies in the anatomy of surgical incisions (one of 
which bears his name), the problem of wound disruption. 
surgical aspects of cancer of the large bowel, splenectomy. 
diseases of the lymphatics. and special problems of thoracic 
surgery. 

In addition to his many technical achievements in surgery. 
Doctor Singleton was interested in the cultural phases of the 
medical profession. He was particularly attracted by the 
exciting history of the development of medicine in the Texas 
area. His address as President of the Southern Surgical Asso- 
ciation was an account of surgery in the romantic story of 
Texas (Ann. Surg., 111:673-687, 1940). His presidential ad- 
dress before the Texas Surgical Society in 1932 was an account 
of the early history of medicine and surgery in Texas. 

Confirmed devotion to the welfare of The University of 
Texas Medical Branch and to the John Sealy Hospital was 
characteristic of Doctor Singleton. He served on the Board of 
Directors of the Hospital, and was active during the period of 
expansion of the Medical Branch, in rendering special services 
on the Executive Committee of the Faculty. He was particu- 
larly interested in various plans for the extension of the hos- 
pital facilities. Special arrangements were made by him with 
the Sealy and Smith Foundation to obtain a new unit for 
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neuro-surgery and plastic and maxillofacial surgery. In 1920, 
with Doctor Charles T. Stone, Doctor Willard Cooke, Doctor 
M. D. Levy, he organized the records of the John Sealy Hos- 
pital into a unit system, which was one of the first in the 
country. For a long time the expense of the record room was 
carried by these men. 

Doctor Singleton was widely known for his skill as a 
teacher. His warm and sympathetic understanding led his 
pupils to work their best for him. He stimulated great devo- 
tion among his colleagues and associates for the high quality 
and character of his work. Doctor Singleton’s fine personal 
qualities made him an extremely successful practitioner. His 
patients adored him. He was unexcelled as a bed-side teacher 
on the wards and as a demonstrator in operative clinics. Here 
he continually stressed the importance of fundamental prin- 
ciples in anatomy, physiology and pathology. His discussions 
were succinct, well organized, and usually offered with a de- 
lightful touch of humor. 

Doctor Singleton’s reputation among his colleagues was 
evidenced by the many honors extended to him. He was Vice- 
President of the Southern Surgical Association in 1928-29 and 
was made President in 1938-39. He was President of the 
Texas Surgical Society in 1930-31. He was a member of the 
Board of Governors of the American College of Surgeons from 
1937 to 1940. He was Vice-President of the American College 
of Surgeons in 1939-40, and was Vice-President of the Amer- 
ican Surgical Association in 1944. He was also a member of 
the American Association for Surgery of Trauma, of the Inter- 
national Society of Surgery, and of the American Association 
of Thoracic Surgery. 

Doctor Singleton was widely recognized in this country and 
abroad for his effective leadership in promoting and maintain- 
ing the best standards of professional skill, particularly in 
respect to surgery and its special fields. Texas and the South- 
west area has been vastly enriched by the inspiration which he 
gave in promotion of medical and surgical education and 
standards. Worthy of every emulation was the steadfast ex- 
ample set by Doctor Singleton in patient cheerful devotion to 
his duties and responsibilities in the face of any obstacle. 
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ITeMs OF PossinLE INTEREST TO FRIENDS OF Our EFFORT 
SEPTEMBER, 1947 


1. Booxstcat: M. Fishbein’s History of the American Medical Associa- 
tion, which J.A.M.A. ran serially in part, for centennial, appears with 
biographies of the Presidents by W. L. Bierring (Saunders. Phila.. 1226 pp.. 
1947, $10). L. Stevenson writes vivid biography of Sir Frederick Banting 
(Heinemann, London, 1947, 25s). W. Moodie offers suggestions on The 
Doctor and the Difficult Adult (Cassell, London, 1947, 15s). J. D. Spillane 
discusses Nutritional Disorders of the Nervous System (Livingstone. Edin- 
burgh, 1947, 396 pp., 20s). M. Goldsmith well covers The Road to 
Penicillin (Drummond, London, 1947, 174 pp.. 10s 6d). C. S. Keefer and 
D. G. Anderson discuss Penicillin in the Treatment of Infections (Oxford 
Univ. Press. N.Y., 1947, 249 pp., $2.50). K. B. Lehman and F. Flury’s 
Toxicology and Hygiene of Industrial Solvents is translated by H. F. 
Smyth and E. King (Williams & Wilkins, Baltimore. 1947, 380 pp.. $5) 
R. Elman offers Parenteral Alimentation in Surgery with Proteins and 
Amino Acids (Hoeber, N.Y., 1947, 304 pp., $4.50). F. Wuhrmann and 
I. C. Wunderly discuss Die Bluteweisskorper des Menschen (B. Schwage. 
Basel, 1947, 356 pp., swfr 36). Certain to be interesting is E. M. Tilton’s 
Amiable Autocrat: A Biography of Dr. Oliver Wendell Holmes (Schuman. 
N.Y., 1947, 480 pp., $5). The same comment goes for D. Schullian and 
M. Schoen’s Music & Medicine (Schuman, N.Y., 1947. 512 pp., $6.50). 
Pertinent to the centennial of Yale’s Scheffield Scientific School is J. F. 
Fulton and E. M. Thomson’s Benjamin Silliman: Pathfinder in American 
Science (Schuman, N.Y., 1947, 304 pp.. $4). J. L. Wright is functionally 
enthusiastic in My Father Who Is on Earth (Putnam, N.Y., 1946. 194 pp.. 
$3). Have you noted The Medical Bookman, ed. F. C. Diller and W. R 
Bett, a monthly review with pleasant chit-chat (Harvey & Blythe. Hanover 
Sq.. London, 10s yearly) ? 

2. Briocnemicat: H. B. Vickery outlines rules for nomenclature of 
amino acids and relatives (J. Biol. Chem., 169:237, 1947). W. F. Lipp 
and A. R. Lenzner find methylene blue test useful for bilirubin in urine 
(Gastroenterol, 8:154, 1947). N. E. Borglin shows urinary excretion of cho- 
lin (4mgm. daily) is 1% of dietary intake (Acta Pharmacol Toxicol, 3 Supp! 
1, 121 pp., 1947). G. Schapira and J. C. Dreyfus note significant fraction 
of non-chromatic iron in muscle is not extracted by pyrophosphate and 
increases in muscular atrophy (Compt. Rend. Soc. Biol., 141:155, 157. 
1947). H. Borsook and J. W. Dubnoff discuss transmethylation in report- 
ing oxygen independent methylation of homocysteine to methionine with 
choline as donor (J. Biol. Chem.. 169:247, 1947). H. O. Michel and I. H. 
Scheinberg find no help from cytochrome C in anoxia or cyanide poisoning 
(Ibid., p. 277), contrary to report of S. Proger and Others (J. Clin. Invest., 
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24:864, 1945). H. J. Buehler and Others show amino acid composition 
and high molecular weight of crystaline clostridium botulinum toxin. 
but find no clue for high toxicity (J. Biol. Chem., 169:295, 1947). W. H. 
Fishman and A. J. Anlyan report high B glucuronidase activity in malig- 
nant tissue (Ibid., pp. 449). D. Wrinch discusses the native protein and 
biosynthesis (Science, 106:73, July 25, 1947). K. Meyer reviews biological 
significance of hyaluronic acid and hyaluronidase (Physiol. Rev., 27:335, 
1947). R. Chambers and B. W. Zweifach review intercellular cement 
and capillary permeability (/bid., p. 436). E. C. Jungck and C. G. Heller 
conclude that ovaries inactivate gonadotropins and that estrogens inhibit 
ovarian growth, and in large doses. the pituitary (Proc. Soc. Exper. Biol. 
Med.. 65:148, 152, 1947). C. W. Hooker and Others find that monkey liver 
does not inactivate estrogens (/bid., p. 192). 

3. Pxysrotocicat: E. Ponder, W. B. Castle, H. A. Charippa, W. Dame- 
shek, A. S. Gordon, S. Granick and F. Robscheit Robbins collaborate on 
discussion of red cell formation and destruction (Ann. N.Y. Acad. Sci.. 
48:577, 704, 1947). H. Fischer and P. H. Rossier describe muscle injury 
from high voltage currents with resulting kidney damage and anuria 
(Helv. Med. Acta., 14:212, 1947). W. T. L. Ohlsson reports on oxygen 
toxicity at atmospheric pressure in causing lung injury (Acta. Med. Scand.. 
Suppl.. 190. 93 pp., 1947). H. R. Brown and R. Pearson find 7% increase 
in cardiac output for each 10% increase in oxygen consumption (Proc. 
Soc. Exp. Biol. Med., 65:307, 1947). 

4. InreresticaL: T. K. With offers welcome review on pathogenesis 
and forms of jaundice (Acta. Med. Scand., 128:25, 1947). B. H. Robbins 
and J. S. Lundy review curare and relatives (Anesth., 8:252, 1947). L. H. 
Snyder discusses principles of gene distribution im human populations 
(Yale J. Biol. Med., 19:817, 1947). S. Moeschlin finds urethane helpful 
in leukemia by selective depression of neoplastic tissue (Helv. Med. Acta.. 
14:279, 1947). K. Meyer and Others suggest lysozyme as a factor in 
peptic ulcer (Proc. Soc. Exp. Biol. Med., 65:220, 1947). G. F. Otto and 
T. H. Maren find phenyl arsenoxides active against filaria (Science, 106: 
105, Aug. 1. 1947). Mrs. A. V. Hill recommends small group care of 
old people (Lancet, 1:800, June 7, 1947). J. R. Loofbourow philosophizes 
on research administration (Science, 106:113, Aug. 8, 1947). J. L. Davanau 
analyzes physico-chemical aspects of life (Am. Nat., 81:161, 1947). Our 
A. Packchanian discusses Chagas disease in Texas (Texas St. J. Med., 43: 
179. 1947). 


Ocroser, 1947 


1. Heart ANp Crircutation: Another knock-out from Nuffield Institute. 
Oxford, is Studies of the Renal Circulation by J. Trueta, A. E. Barclay. 
K. J. Franklin. P. M. Daniel, and M. M, L. Prichard (Blackwell, Oxford. 
1947, 207 pp., 25s. available fr. C. C. Thomas, Springfield, Ill.). This 
shows ease of shunting renal blood flow from cortex to medulla with 
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hypertensive reaction. G. Reid finds segmental arterial spasm not due 
to humoral agent in shed blood (Med. J. Austral., 2:139, Aug. 2. 1947). 
H. Barcroft demonstrates reflex vasodilatation from body heating (J. Phys- 
iol.. 106:271. 1947). F. C. Eve continues studies on artificial circulation 
from rocking, indicating use in drowning and anesthetic emergencies, con- 
firming Corning’s abortive unpublished California efforts (Brit. Med. J., 
2:295. Aug. 23, 1947). A. B. Mukerjee well discusses coronary arterio- 
sclerosis (Calcutta Med. J., 44:1, 1947). G. W. Manning and G. C. Caud- 
well find dihydro-ergotamine effective in inhibiting ventricular tachycardia 
and fibrillation resulting from sudden coronary occlusion (Brit. Heart J., 
9:85, 1947). J. T. Peters recommends high oral doses of salicylates detoxi- 
fied with bicarbonate to prevent inflammatory carditis in rheumatic fever 
(Acta. Med. Scand., 128:51, 1947). Our A. Ruskin discusses therapy of 
essential hypertension (Texas St. J. Med., 43:325, 1947). 

2. Enzymes: D. Nachmansohn and Others in Neuberg Festschrift note 
in vitro reversibility of choline esterase inhibition by diisopropyl fluoro- 
phosphate (Arch. Biochem., 14:197, 1947). H. M. Kalckar discusses bio- 
logical function of energy rich phosphate bonds in enzymatic syntheses 
(Nature, 160:143, Aug. 2, 1947). J. F. Danielli and R. Brown edit sym- 
posium on nucleic acid (Symposia Soc. Exper. Biol., No. 1, Cambridge 
Univ. Press, 1947, 35s). J. D. Stone shows that enzyme groupings on 
surfaces of viruses are involved in red cell agglutination reactions (Austral. 
J. Exp. Biol. Med. Sci., 25:137, 1947). P. A. Owren discusses enzymes 
involved in thrombin formation (Acta. Med. Scand., Suppl. 194, 1947, 
327 pp.). C. H. Li, C. Kalman and H. M. Evans show anterior pituitary 
growth hormone increases alkaline phosphatase of plasma and that APGH 
and andrenocorticohormone are antagonistic (J. Biol. Chem., 169:625, 1947). 
Y. G. Shiau and J. Franck report automatic control of photosynthesis in 
limiting chlorophyll action by correlated narcotic production (Arch. Bio- 
chem., 14:253, 1947). B. Minz offers LaTransmission Chimique de 
L’Influx Nerveux (Flammarion, 22 Rue de Vaugirard, Paris, 1947, 412 pp., 
1000 Fr.). H. N. Green and H. B. Stoner find adenosine triphosphate 
constricts pulmonary vessels, inhibits respiratory center and increases clot- 
ting action of thrombin, acting as a toxic factor in muscle extract (Brit. 
J. Exper. Path., 28:189, 1947). 

3. CuinicaL Puysiotocy: P. W. Nathan discusses pathogenesis of 
causalgia in peripheral nerve injury (Brain, 70:145, 1947). E. Roseman 
and C. D. Aring describe neurology of alcoholism (California Med., 67: 
51, 1947). J. C. Coverton and M. H. Draper report study of myotonia 
and paramyotonio (Med. J. Austral., 2:161, Aug. 9, 1947). E. Grasset and 
L. Goldstein find that hyperglycemia from snake venoms is associated 
with their toxic properties (Trans. Roy. Soc. Trop. Med. Hyg., +0: 771, 
1947). N. S. S. Ladell says mode of production of sweat differs from that 
of urine (J. Physiol., 106:237. 1947). E. Mellanby and T. Moran agree 
that flour bleached with nitrogen trichloride causes protein changes pro- 
ducing peculiar hysteria in animals which eat it (Brit. Med. J., 2:288, 
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Aug. 23, 1947; Lancet, 2:289, Aug. 23. 1947). K. A. Steffensen uses IV 
urea to estimate total water content of humans, finding 65-82% average 
and 40-60% in obesity (Acta. Physiol. Scand., 13:282, 1947). W. Mayer- 
Gross and J. W. Walker find rise in blood sugar with return to conscious- 
ness in insulin shocked schizophrenics after injection of 1-glutamic acid 
(Nature. 160:334, Sept. 6. 1947). 

4. Arso: Note H. O. Schild’s discussion of pA, proposed scale for 
measuring drug antagonism (Brit. J. Pharmacol., 2:189, 1947). Also N. S. 
Radin’s article on isotope methods in biochemistry (Nucleonics, 1:24, 
Sept., 1947). Also R. Platt’s survey of history taking and therapeutics 
(Lancet. 2:305. Aug. 30. 1947). Also K. Lange and Others’ review of 
frostbite (New Eng. J. Med., 237:383. Sept. 11, 1947). Also P. G. Stavsly 
and Others’ non-toxic antibiotic. polymyxin, from B polymyxa, specific 
for gram-negative bacteria (Bull. Johns Hopkins Hosp., 81:43, 1947). And 
G. Ivanivics and S. Horwath’s antibiotic, raphanin, from radish seeds 
(Nature. 160:280. Aug. 30. 1947). Also E. J. Field and R. J. Harrison’s 
Anatomical Terms: Their Origin and Derivation (Heffer, Cambridge, 
1947. 170 pp., 7s 6d). Also E. D. Adrian’s Physical Background of Per- 
ception (Oxford Press. London. 1947, 95 pp.. 10s). And C. S. Sherrington’s 
new metaphysical introduction for his classic Integrative Action of the 
Nervous System (Cambridge Press. London, 1947, 433 pp., 25s). And also 
H. H. Dale’s fine plea for freedom for science (Nature, 160:280,. Aug. 30. 
1947). 


NovEMBER, 1947 


i. Too Many Booxs?: W. C. Halstead sensibly discusses Brain and Intel- 
ligence (Univ. Chicago Press. 1947, 430 pp., $10). H. H. Anderson and 
Others offer reference book on Pharmacology and Experimental Thera- 
peutics for doctors, dentists. and veterinarians (Univ. California Press, Berke- 
ley. 1947. 370 pp.. $5.50). F. A. Mettler edits Cecilia Mettler’s History of 
Medicine. a reference work arranged by broad subject (Blakiston, Phila.. 
1947, 1245 pp.. $8.50). E. F. Adolph and Others review Physiology of Man 
in the Desert (Interscience. N.Y.. 1947, 370 pp., $6.50). W. Dock and 
I. Snapper edit Vol. 2 of Advances in Internal Medicine (Interscience. 
N.Y., 1947, 652 pp.. $9.50). C. S. Venable and W. G. Stuck ably discuss 
The Internal Fixation of Fractures (Thomas, Springfield, Ill.. 1947, 241 
pp.. $5.50). D. E. Lea describes Actions of Radiations on Living Cells 
(MacMillan. N.Y.. 1947. 402 pp.. $4.50). S. A. Goudsmit in Alsos, pulls 
a cloak and dagger on tracing German science secrets (Schuman, N.Y.. 
1947. 210 pp.. $3.50). O. Larsell gives the medical history of Oregon in 
The Doctor in Oregon (Oregon Hist. Soc., Portland, 1947, 980 pp., $10). 
G. Murphy discusses Personality: A Biosocial Approach to Origins and 
Structure (Harper's. N.Y.. 1947, 1010 pp.. $5). M. D. Kamen describes 
Radiactive Tracers in Biology (Academic, N.Y., 294 pp., $5.80). C. K. 
Drinker and Others review Psychiatric Research at dedication of McLean 
Hospital Biochem. Lab. (Harvard Press. Cambridge. 1947. 113 pp.. $2) 
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W. Weaver tells how The Scientists Speak (Boni, N.Y., 1947, 382 pp., 
$3.75). G. H. Twombly edits Symposium on Endocrinology of Neoplastic 
Diseases (Oxford Press, N.Y., 1947, 398 pp., $11). L. C. LeCron and 
J. Bordeaux describe Hypnotism Today (Grune & Stratton, N.Y.. 1947, 
278 pp.. $4). W. H. S. Jones translates and edits the medical writings of 
Menon, pupil of Aristotle (Medical Writings of Anonymus Londinensis, 
Cambridge Univ. Press, 1947, 168 pp., 25s), containing valuable note on 
nature of Greek medicine. Noteworthy for fine scholarship is M. H. Fisch’s 
study of Nicolaus Pol Doctor 1494 (H. Reichner, 34 E. 62 St.. N.Y.. 1947, 
256 pp.. $7.50). Excellent is the codperative effort between E. A. Strecker, 
F. G. Ebaugh, our J. R. Ewalt and L. Kanner in Practical Clinical Psy- 
chiatry (6th ed., Blakiston, Phila., 486 pp., $5). E. J. Dingwall netes Some 
Human Oddities: Studies in the Queer, the Uncanny, and the Fanatical 
(Home, London, 1947, 198 pp., 15s). J. Cyriax discusses Rheumatism and 
Soft Tissue Injury (Hamilton. London, 1947, 406 pp., 42s). H. Gruneberg 
writes on Animal Genetics and Medicine (Hamilton, London, 1947, 308 pp., 
21s). F. W. Bancroft and C. Pilcher edit Surgical Tretament of the Nervous 
System (Lippincott, Phila., 1947, 611 pp., $25). If your Library doesn’t 
have Beilstein, better order Elsevir’s Encyclopedia of Organic Chemistry 
(Elsevir, N.Y., 1947, plus, 20 vols., 38 parts, $6 per 100 pp.). 

2. PrystotocicaL?: P. D. McMaster indicates that a pressure gradient 
is significant in lymph formation in health and disease (J. Exp. Med., 86: 
293, 1947). G. Malmstrom suggests standardized cardiological anoxemia 
test (Acta. Med. Scand. Suppl., 195, 1947, 103 pp.). W. R. Hess shows 
that diencephalon representation of autonomic function is not discretely 
delimited but diffuse, indicating broad coérdination (Suppl. 4 Helv. Physiol. 
Pharmacol. Acta., 1947, 65 pp. and atlas). K. G. Stern describes nucleo- 
proteins and gene structure (Yale J. Biol. Med., 19:937, 1947). J. A. 
Barclay and Others emphasize secretion with filtration and reabsorption 
in kidney function (Acta. Med. Scand., 128:500, 1947). R. H. Orton con- 
firms A. E. Guedel’s claims (Anesth. and Analg., 13:263, 1934) for con- 
trolled respiration in anesthesia (Med. J. Austral., 2:255, Aug. 30. 1947). 
C. H. Kellaway discusses factors in liberation of histamine in tissue injury 
(Edin. Med. J., 54:333, 1947). A. Nelzen notes decrease in skin and blood 
histamine in urticarial outbreak (Acta. Dermat. Ven., ncs Suppl. 17. 67 pp.. 
1947). F. W. Clements’ Bancroft Oration covers chronic malnutrition in 
children (Med. J. Austral., 2:225, Aug. 23, 1947). 

3. PHarmaco.ocy?: M. Stacey and M. Webb discuss antibactrial action 
of bile acids and derivatives of cholane (Proc. Roy. Soc. B., 134:523, 538, 
1947). J. F. Fulton in commenting on Morton’s ether demonstration, 
salutes the vision and daring of youth (Anesth., 8:464, 1947). R. W. 
Gerard discusses anesthetics and cell metabolism (Anesth., 8:453, 1947). 
S. Moeschlin surveys mechanism of urethane action in leukemia (Helv 
Med. Acta., 14:279, 1947). J. F. Danielli and Others describe “Bal-intray 
(dithio propanol glucoside) as a non-toxic thiol for IV use in arsenical 
poisoning (Biochem. J., 41:325, 1947—note many other reports on BAL 
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in same issue). J. Boursuell and Others describe use of radioactive isotopes 
in immunological studies (Nature, 160:330, Sept. 6, 1947). R. J. V. Pul- 
vertaft well discusses air-borne infections (Brit. Med. J., 2:517. Oct. 4. 
1947). T. Francis reviews mechanisms of infection and immunity in virus 
diseases of man (Bact. Rev., 11:147, 1947). N. F. MacLagan analyses 
value of phosphatase and thymol turbidity tests in diagnosis of jaundice 
(Brit. Med. J., 2:197. Aug. 9. 1947). S. E. Luria notes reactivation of 
irradiated bacteriophage by transfer of self-reproducing units (Proc. Nat. 
Acad. Sci... 33:253. 1947. 


DecemsBer, 1947: Happy Ho.ipays 


1. Licgur Hormay Reapinc: John Gunther’s Inside U.S.A. (Harper. 
N.Y., 1947. 979 pp., $5) is clever political reporting and leans liberally. 
David Dodge’s How Green Was My Father (Simon & Shuster, N.Y., 1947. 
216 pp., $2.80) is good fun in Mexico. C. Waugh’s The Comics (Mac- 
Millan, N.Y.. 1947, 310 pp.. $5) is psycho-analytical. G. and B. C. Rosen 
arrange an interesting anthology. 400 Years of a Doctor’s Life (Schuman. 
N.Y., 1947, 429 pp., $5). S. J. Holmes considers Organic Form and Related 
Problems (Univ. California Press, Berkeley, 1948, 300 pp., $5). Worthy 
are W. S. Tsuchida’s war letters, Wear It Proudly (Univ. California Press. 
1947, 160 pp.. $2.80). Important is symposium on Physical Science and 
Human Values (Princeton Univ. Press, 1947, 214 pp., $3). Texans may 
enjoy S. W. Tait’s Wildcatters (Princeton Univ. Press, 1947, 243 pp., $3). 
Letheon: The Cadenced Story of Anesthesia (Univ. Texas Press, Austin. 
1947, 128 pp., $1.50) is amusing and may be obtained from Medical Branch 
Library. Galveston. L. M. Termin and M. H. Oden report on The Gifted 
Child Grows Up (Stanford Univ. Press, Calif., 1947, 510 pp., $6). T. H. 
and J. Huxley offer stimulating Touchstone for Ethics (Harper, N.Y., 1947. 
268 pp., $3). A. C. Kinsey, W. B. Pomeroy. and C. E. Martin offer a 
wow: Sexual Behavior in the Human Male (Saunders, Phila., 1948, 804 
pp., $6.50). Welcome to The Bulletin of the World Health Organization 
($3) and ditto to The Chronicle ($2), obtained from WHO Hq., 350 5th 
Ave., N.Y. Did you note M. Murphy’s interesting profiles of E. A. Roven- 
stine (New Yorker, Oct. 25, Nov. 1, and 8)? 

2. PuarmacotocicaL: H. H. Henstell and Others find nitrogen mustards 
effective in mycosis fungoides. a malignant reticulo-endothelial disease 
(Blood. 2:564, 1947). H. Selye and Others claim that adrenal cortical 
extracts assist liver regeneration (Endocrinol., 41:258, 1947). S. Pere finds 
digitalis. strophanthin and mercury diuretics increase blood coagulability 
in congestive heart disease, contributing to thromboses (Ann. Med. Int 
Fenniae. 36:124, 1947. all English!). G. G. Villela finds folic acid enhances 
acute neoarsphenamine toxicity (Arch. Biochem., 15:157, 1947). E. Roth- 
lin offers full survey of ergot alkaloids (Bull. Schweiz. Akad. Med. Wiss.. 
2:249, 1947). C. Heymans, J. Jacobs and G. Liljestrand show ozygen 
want and CO: increase in muscle work stimulate respiration reflexly over 
carotid sinus and directly on center (Acta.. Physiol. Scand., 14:86, 1947). 
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C. V. Winder reports quantitative statistical appraisal of analgesic action 
(Arch. Internat. Pharma. Therap., 74:219, 1947). N. Emmelin and 
W. Feldberg find 0.5% histamine and 1% acetylcholine in hairs of com 
mon nettle (urtica urens) and that combination causes sting (J. Physiol.. 
106:440. 1947). H. W. Elliott and Others find amidone 10 times as potent 
an inhibitor of brain glucose oxidation as demerol (J. Pharmacol. Exp. 
Therap., 91:98, 1947). D. P. Earle and B. B. Brodie discuss excretion of 
caronomide, while K. H. Beyer and Others report on toxicity and other 
properties relating to inhibition of penicillin excretion (/bid., pp. 250, 263. 
272). R. H. K. Foster reports on piperidine compounds with morphine 
action (Ibid., p. 195). D. Grob and Others find diisopropyl! fluorophosphate 
causes increased intestinal and neural activity (Bull. Johns Hopkins Hosp.. 
81:217-292, 1947). R. E. Feeney and Others find zinc (1 ppm.) necessary 
for subtilin formation (Arch. Biochem., 15:13, 1947). J. M. Lewis and 
Others find water propylene glycol solutions of vitamin A are better 
clinically than oil solutions (J. Pediat.. 31:496, 1947). J. Ehrlich and 
Others describe powerful antibiotic chloromycetin aScience. 106:417. Oct. 31. 
1947). E. R. Loew reviews antihistamine compounds (Physiol. Rev., 27: 
542, 1947). Our E. E. Wilkinson describes Na citrate treatment of lead 
encephalopathy (Texas St. J. Med., 43:442, 1947). 

3. Oncorocicat: G. Toennies surveys protein-chemical aspects of cancer 
Canc. Res., 7:193, 1947). B. Eckman and J. P. Strombeck discuss tumori 
genic metabolism of 2.3-azotoluene (Acta. Physiol. Scand., 14:43, 63, 1947 
G. Joyet shows high selectivity of radioactive K* for spleen and low selec 
tivity for tumors (Bull. Schweiz. Akad. Med. Wiss., 2:363, 1947). L. Ahl 
strom and Others discuss turnover of nucleid acid in sarcomata (Ark. Kemi.. 
24A. No. 12. 1947). Note symposium on chemistry and metabolism of 
nucleic acids (Fed. Proc., 6:487-521, 1947). 

4+. Erc.: Noteworthy symposium on allergy and asthma (South Afr. 
Med. J., 21:721-740, Oct. 11, 1947). E. J. G. Garcia claims nervous system 
plays part in senzitization phenomena (Arch. Farm. Biog. Tucuman., 3: 
231. 1947). T. G. Randolph blames allergy for behavior problems in chil 
dren (J. Pediat., 31:560, 1947). S. Aceves and R. Carral discuss diagnosis 
of tricuspid lesions (Arch. Inst. Cardiol. Mevico, 17:701, 1947). M. Camp- 
bell gives Lumleian Lecture on paroxysmal tachycardias (Loncet. 2:641. 
Nov. 1. 1947). G. Burch and Others find reduced sodium clearance in 
congestive heart failure (J. Lab. Clin. Med., 32:1169, 1947). G. V. Anrep 
and Others say histaminolytic index is high in pregnancy and falls after 
delivery (J. Physiol., 106:379, 1947). Our E. Ogden describes extra renal 
sequelae to renal hypertension (Bull. N.Y. Acad. Med., 23:643. 1947). Our 
A. Ruskin and F. McKinley conclude that potassium thiocyanate in hyper 
tension is hazardous and unreliable (Am. Heart J., 34:691, 1947). 
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